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ADDRESS. 


The  Univeksity  of  Minnesota,  ) 

Minneapolis,  March  31,  1889.  ) 

To  the  President  of  the  University j 

Deas  Sr&:  I  hare  to  commnnicate  again  an  annual  report  on 
the  progress  of  the  geological  and  natural  history  survey  of  the 
state,  being  the  seventeenth  in  consecutive  order.  Like  the  last 
two,  this  report  pertains  almost  exclusively  to  the  geology  of 
the  northeastern  part  of  the  state,  and  is  accompanied  by  some 
text  illustrations. 

Eespectfully,  your  obedient  servant, 

K  H.  Winohell, 
State  geologist  and  curator  of  the  general  museum. 


REPORT. 

L 

SUIOCJLRT  STATEMENT  FOB  1888. 

The  work  done  in  the  season  of  1888  in  conseqnence  of  the 
mipplementary  aid  that  was  rendered  the  snrvey  by  the  special 
appropriation  and  law  of  the  Legislature  of  1887,  as  men- 
tioned in  the  last  report,  will  be  fonnd  reported  elsewhere.  The 
explorations  for  natural  gas  carried  on  within  the  state,  whether 
by  private  enterprise  or  by  the  aid  of  the  special  ftind,  fti*e 
detailed,  with  some  considerations  relative  to  the  general  sul^cct 
of  gas  in  Minnesota,  in  Bulletin  No.  5.  The  special  field-work 
which  was  directed,  under  the  same  law,  to  the  discovery  and 
definition  of  the  iron-resources  of  the  northeastern  part  of  th6 
state,  will  be  included  in  this  report.  But  the  whole  su})|ect'  in 
general  of  the  geology  of  the  iron  ores  of  Minnesota  will  find 
place  in  Bulletin  No.  6. 

There  were  two  parties  in  the  field  during  the  setMon.  One 
was  occupied,  in  the  first  part  of  the  season,  in  making  coUoc 
tions  of  rock-samples  from  certain  typical  crystalline  forma 
tions  in  typical  localities.  This  was  under  the  direction  of  Mr 
ITly  S.  Grant.  At  the  same  time  some  new  facts  were  ol^served 
These,  with  notes  made  by  him  later  in  the  season  when  occn 
pied  more  specially  with  the  examination  of  the  iron-ore  )}iuUf 
are  gathered  together  by  him  in  a  formal  report  which  aceomiia- 
nies  this. 

The  other  party  was  during  the  whole  season  at  work  on  the 
iron-ore  beds.  This  was  nnder  the  guidance  of  my  son,  Mr. 
Horace  V.  Wiwjhell,  whose  report  on  his  work  will  also  l^e 
found  accompanying  this 

The  work  ot  the  seasrm  has  added  materially  to  onr  exact 
knowledge  of  the  ge/#logy  of  the  northeastern  part  of  the  state, 
and  particularly  to  that  fff  the  natare  and  relations  of  the  iron 
or«s  cff  the  state.    A  general  presentation  of  this  knowlerlge,  in 
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a  somewhat  systematic  maimer,  has  been  attempted  in  this 
rei>ort;  bnt  it  most  be  admitted,  notwithstanding  the  time  spent 
on  the  stndy,  and  field-observations  that  have  been  reoorded, 
there  are  still  some  important,  and  many  less  important,  ques- 
tions which  the  snrvey  cannot  answer.  Bat  with  a  conscions- 
ness  that,  however  exhaustive  the  research  might  be  made,  there 
would  be  questions  still  unsolved,  and  that  there  is  a  general 
wish  for  a  full  and  '^naP'  presentation  of  the  geology  of  that  part 
of  the  state  so  far  as  present  knowledge  will  yield  it,  and  also 
feeling  that  the  time  has  been  long  that  the  survey  has  been 
going  on,  and  that  the  working  span  of  one  man's  life  cannot 
be  depended  on  for  indefinite  extension,  I  am  constrained  to  say 
that  we  shall  enter  now  upon  the  preparation  of  the  final  report 
coveriug  the  northern  part  of  the  state.  There  will  be  some 
supplementary  elimination  to  be  made,  but  this  will  be  not  very 
costly,  and  can  be  executed  while  the  preparation  of  the  rei>ort 
is  in  progress. 

Volume  II  of  the  final  report  was  issued  in  December,  1888. 
It  is  a  quarto  of  about  700  pages,  forty -two  plates  and  thirty- 
two  figures,  of  the  same  style  as  Yol.  I. 

A  considerable  i>ortion  of  Yol.  HE  is  also  ready,  and  the 
entire  volume  will  be  finished  at  once.  It  will  contain,  along  with 
the  paleontology  of  the  strata  discussed  in  Yols.  I  and  II,  an 
account  of  their  systematic  relations  to  the  geology  of  the  North- 
west. There  is  also,  in  readiness  for  publication,  a  volume 
devoted  to  the  birds  and  mammals  of  the  state,  prepared  by  Dr. 
P.  L.  Hatch  and  Prof.  C.  L.  Herrick.  These  two  volumes  should 
be  published  at  once,  in  style  uniform  with  those  already 
issued. 

The  monograph  of  Messrs.  Woodward  &  Thomas  on  the  micro- 
scopic fauna  of  the  Cretaceous,  which  has  been  in  process  of 
preparation  several  years,  has  been  completed  by  those  gentle- 
men and  has  been  transmitted  for  publication.  It  will  form  a 
chapter  in  Yol.  III.  Mr.  Ulrich's  work  on  the  bryozoa  of  the 
Trenton  was  interrupted  unfortunately,  when  it  had  proceeded 
so  far  as  the  eugraving  of  the  plates,  eight  having  been  com- 
pleted and  delivered.  This  was  owing  to  the  exhaustion  of  the 
fund  for  publication  by  the  unexpected  cost  of  Yol.  II.  Dr.  Leo 
Lesquereux's  report  on  the  fossil  fiora  of  the  Cretaceous  in  Min- 
nesota, with  the  accompanying  plates,  is  also  intended  for  Yol. 
m.  It  is  only  an  act  of  reasonable  justice  to  a  scientific  author 
that  his  contributions  be  published  as  soon  as  possible.    His 
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rights  are  not  all  satisfied  by  the  simple  payment  of  the  money 
involved  in  his  contract  to  prepare  the  report.  The  value  of 
scientific  work,  especially  scientific  authorship,  is  not  measured 
by  the  manual  labor  involved  in  it.  So  its  claims  are  not  satis- 
fied when  the  material  money  payment  is  made.  The  author 
expects,  and  he  has  a  right  to  demand,  that  his  work  shall  be 
published.  .His  researches,  so  far  as  they  are  in  new  fields,  may 
be  covered  by  later  investigators  and  be  announced  before  his 
see  the  light.  This  reward  for  scientific  authorship,  while  it 
cannot  be  expressed  in  dollars  and  cents,  and  cannot  perhaps 
be  included  in  definite  terms  in  the  contract  with  the  author 
when  he  undertakes  the  work  of  any  investigation,  yet  acts  as  a 
powerful  stimulant  and  as  a  final  element  in  the  compensation 
he  reasonably  counts  upon.  He  naturally  is  backward  in  assert- 
ing it;  and  it  is  a  lamentable  fact  that  credit  for  some  valuable 
research  and  some  discoveries  has  been  lost  to  their  authors 
because  of  the  suppression,  or  at  least  the  tardy  publication,  of 
their  reports  until  after  others  had  made  the  same  discoveries 
and  had  announced  them  to  the  public.  In  the  case  of  a  state 
survey  such  delay  not  only  injures  the  individual  but  also 
reflects  on.the  value  of  the  official  reports.  Wherever  scientific 
facts  are  first  published,  there  they  are  forever  acknowledged  and 
referred  to  by  future  authors.  If  the  state  has  incurred  the  cost 
of  an  investigation,  its  chief  value  is  lost  if  the  credit  of  its  dis- 
coveries cannot  be  secured  by^  early  publication,  and  if  the  same 
facts  are  published  elsewhere. 

The  condition  of  the  museum  and  of  the  unexamined  speci- 
mens is  about  as  has  been  stated  in  some  of  the  late  rex>orts. 
'Sot  only  are  the  museum  halls  full  to  overflowing,  but  the  so- 
called  laboratories  of  the  survey  are  also  full.  It  has  become 
necessary  to  deposit  the  boxes  of  rock  samples  in  these  rooms. 
All  the  packing,  handling  and  labeling  has  been  done  heretofore 
in  these  rooms.  Becently,  owing  to  the  storage  of  a  large  part 
of  the  surplus  copies  of  Vols.  I  and  II  in  these  rooms,  there  has 
not  been  room  left  for  doing  this  work,  and  it  has  been  trans- 
ferred to  the  office,  on  the  second  floor  of  the  building. 

A  record  of  niuseum  accessions  is  herewith  again  reported, 
the  same  having  been  crowded  out  of  the  last  two  reports.  Its 
publication  subserves  the  double  purpose  of  acknowledging  dona- 
tions and  of  permanence  of  a  record  easy  to  consult  in  case  of 
desire  to  find  any  specimen  in  the  museum,  or  any  information 
concerning  any  specimen  when  once  the  specimen  is  in  hand.    The 
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method  of  labeling  all  specimens  collected  has  been  found  very  safe 
and  permanent.  It  consists  of  mixing  a  solution  of  common 
shellac,  such  as  can  be  got  of  a  drnggist,  with  some  coloring 
material  and  carefully  placing  the  numbers  with  a  small  brush  or 
with  a  stick,  on  the  specimens,  by  hand.  The  shellac,  being 
dissolved  in  alcohol  quickly  hardens  by  the  evaporation  of  the 
alcohol,  and  embracing  the  coloring  material  in  the  hardened 
mass,  has  the  quality  of  permanence  of  color  and  insolubility  in 
water.  The  upper  right  hand  corner  of  the  specimen  is  used. 
In  case  the  natural  surface  is  rough,  or  if  the  color  of  the  letter 
to  be  attached  would  be  so  nearly  the  same  as  the  rock  as  to 
render  the  designation  indistinct,  the  surftkce  is  first  colored  over 
in  a  small  rectangular  spot  with  some  other  color  of  the  same 
kind  of  material,  and  when  hardened  the  number  is  applied  over 
it.     The  specimens  have  been  numbered  as  below. 

The  regular  museum  series,  such  as  have  been  placed  on  exhi- 
bition, whether  rock-samples,  minerals  or  fossils,  have  their 
numbers  in  red,  produced  by  mixing  the  shellac  with  *' vermilion 
red." 

The  series  of  N".  H.  Winchell,  mainly  crystalline  rocks,  are 
marked  blue,  produced  by  mixing  indigo  with  the  dissolved 
shellac. 

The  series  of  A.  Winchell,  also  crystalline,  are  marked  blacJcj 
produced  by  mixing  the  shellac  with  india  ink. 

The  samples  collected  by  H.  V.  Winchell  are  marked  piriky  a 
mixture  of  vermilion  red  and  white  lead  with  the  dissolved 
shellac. 

The  samples  collected  and  reported  by  Mr.  U.  S.  Grant  are 
marked  green,  made  by  mixing  the  shellac  with  paris-green. 

The  specimens  in  the  archaeological  collection  are  marked  in 
white,  mixture  of  white  lead  with  the  dissolved  shellac. 

The  list  of  museum  accessions  herewith  reported  includes  only 
those  marked  in  red.  All  others  are  listed  in  connection  with 
the  respective  field  reports. 
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11. 
BEPOST  OF  N.  H.  WINOHELL. 

The  crystalline  rocks  of  Minnesota.  General  report  of  progress 
made  in  the  study  of  their  field  relations.  Statement  of  problems  yet 
to  be  solved, 

OOKTENTS. 

Introduction, 

1.  Work  done  by  the  Minnesota  soryej  on  the  ciystalline  locks. 

(a)  Early  views.    State  of  knowledge  when  this  investigation  was  began. 

(b)  The  problems  then  nnsolved. 

(c)  List  of  pnblications  issned  since  the  Minnesota  survey  began. 

(d)  The  various  annual  reports. 

The  first  annual  report,  1872. 
The  second  annual  report,  1873. 
The  sixth  annual  report,  1877. 
The  seventh  annual  report,  1878. 
The  eighth  annual  report,  1879. 
The  ninth  annual  report,  1880. 
The  tenth  annual  report,  1881. 
The  eleventh  annual  report,  1882. 
The  thirteenth  annual  report,  1884. 
The  fifteenth  annual  report,  1886. 
The  sixteenth  annual  report,  1887. 
'    Bulletin  No.  2,  M.  £.  Wadsworth,  1886. 

2.  The  various  steps  of  progress. 

3.  The  results  of  the  investigation  so  tar  as  they  appear  at  present. 

4.  Comparison  of  these  results  with  those  reached  elsewhere. 

(a)  Agreements. 

(b)  Disagreements. 

6.    Problems  still  unsolved. 

Intaoduotion.  In  the  course  of  any  investi^tion  that  is 
extended  over  a  number  of  years,  like  that  of  the  work  of  the  sur- 
vey on  the  crystalline  rocks  of  the  state,  it  is  necessary,  for  an 
intelligent  application  of  effort,  to  review  the  progress  made  and 
•ascertain  as  nearly  as  possible  the  amount  and  kind  of  work  that 
remains.  It  is  one  of  the  characteristics  of  geological  investiga- 
tion, and  particularly  of  research  among  the  crystalline  rocks, 
that  as  difficulties  disappear,  under  the  reflective  scrutiny  of 
the  laborer,  new  problems  are  presented  for  solution.  In  the 
solution  of  these  more  advanced  problems  the  geologist  sometimes 
forgets,  in  the  eagerness  of  his  pursuit,  that  it  is  incumbent  on 
him,  in  the  interests  of  his  own  work,  as  well  as  for  the  informa- 
tion of  others,  to  render  an  account  of  his  progress  and  of  his 
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success  in  sunnounting  the  difficulties  that  confroutedhim  at  the 
outset.  There  are  but  few  investigators,  in  any  branch  of  science, 
that  have  not  made  mistakes.  They  may  have  advanced  under 
illusive  guides  along  devious  lines,  they  may  have  retreated 
where  they  ought  to  have  advanced,  or  advanced  where  they 
should  have  retreated.  They  have  entertained  partial  or  wrong 
opinions;  but  it  is  evident  that  no  one  should  be  held  to  these 
errors  that  are  incident  to  the  process.  The  final  statement  only 
ought  to  stand  for  the  result  of  the  investigation.  This  may  con- 
travene, or  it  may  modify  or  totally  disprove  some  of  the  early 
views.  There  is  hence  a  justifiable  reluctance  on  the  part  of  an 
investigator  to  publish  his  results  till  he  is  satisfied  that  he  is 
right,  and  that  the  work  is  finished.  In  the  case  of  the  Minne- 
sota survey,  however,  like  all  surveys,  it  ought  to  be  "finished." 
That  is,  its  work  should  be  rounded  out  with  a  so-called  comple- 
tion; for  it  is  evident  that  however  far  the  work  should  be  con- 
tinued there  would  still  remain  unsettled  questions.  It  is  not 
within  the  power  of  one  survey,  nor  of  one  generation,  to  exhaust 
the  possible  research  that  might  be  applied  to  the  examination 
of  the  geology  of  the  crystalline  rocks. 

For  these  reasons  it  is  thought  best  to  take  an  inventory  of  the 
survey's  work  and  results  in  the  examination  of  the  crystalline 
rocks  of  the  state.  This  will  be  preliminary  only,  an<}  the  ap- 
parent truth,  as  it  may  be  expressed  in  this  report,  may  appear 
different  in  the  light  of  future  discoveries,  and  the  final  report 
on  this  work  may  be  somewhat  different  from  that  which  is  here 
foreshadowed. 

1.      WORK  DONE  BY  THE  MINNESOTA  SURVEY  ON  THE  CRYSTAL- 
LINE ROCKS. 

The  efforts  of  the  survey  have  been  directed,  almost  wholly, 
to  the  field  relations  of  the  terranes.  It  is  evident  that  all  labo- 
ratory determinations  are  subordinate,  in  their  bearing  on  the 
general  geology,  to  the  labor  expended  in  the  field.  That  which 
is  of  first  importance  is  a  knowledge  of  the  facts  as  to  superposi- 
tion, transition,  and  extent  of  the  various  kinds  of  rocks  as  they 
exist,  in  fact.  No  fine  mineralogical  disquisitions,  or  chemical 
determinations,  or  stratigraphical  suppositions,  or  historical 
reviews  of  past  speculations,  can  bear  the  weight  of  a  feather  in 
the  balance  against  the  facts  of  field  observation.  Dr.  M.  E 
Wadsworth  has  truly  said*  that  the  field  evidence  must  in  all  cases 


*  Kotea  on  the  geology  of  the  iron  and  copper  dlstricUt  of  Lake  Superior,  p.  74. 
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be  the  arbiter  and  guide  to  the  conclusions  of  the  microscopist 
in  his  laboratory  work  on  crystalline  rocks,  as  to  their  eruptive 
or  sedimentary  nature.  This  supposes  that  the  facts  as  reported 
are  the  actual  facts.  It  is  true,  however,  that  from  different 
standpoints  the  same  facts  may  be  reported  differently  by  differ- 
ent observers,  or  because  of  a  lack  of  capacity  or  training  in  field 
observation  on  the  part  of  one  or  the  other.*  ISo  far  as  the  work 
of  the  survey  is  concerned,  while  it  would  be  obviously  absurd 
to  assert  that  no  ;mi8takes  of  field  observation  have  been  made, 
and  no  incorrect  inferences  have  been  arrived  at  by  the  field  ob- 
servers, it  is  no  more  than  the  facts  of  the  case  will  justify  to  say 
that  the  Minnesota  survey  has  devoted  more  time  and  accumu- 
lated more  exact  knowledge  regarding  the  field-relations  of  the 
crystalline  rocks  than  has  any  other  state  survey;  and  probably 
has  given  more  time  to  field  work  in  the  crystalline  rocks  of  the 
Northwest  than  the  United  States  geological  survey.  In  some 
instances  extensive  routes  of  observation  have  been  gone  over 
more  than  once  for  correction  or  verification.  These  field  obser- 
vations have  been  reported  in  whole  or  in  part,  from  time  to 
time  chronologically  in  the  reports  of  progress,  but  their  frag- 
mentary parts  have  not  been  grouped  and  presented  systemati- 
eally  so  as  to  show  the  results  as  they  appear  in  the  mind  of  the 
writer. 

(a)  Early  views.  State  of  knowledge  when  this  investigation  toas 
begun. 

When  the  Minnesota  survey  was  begun,  in  the  fall  of  1872, 
there  had  been  but  little  done  on  the  crystalline  rocks  of  the  North- 
west. In  addition  to  the  desultory  and  often  fragmentary  work 
of  the  Canadian  survey,  which  should  be  classed  rather  as  explor- 
ation and  sketch-mappiug,  and  which  had  been  spread  over  the 
Canadian  shores  of  lake  Superior  as  far  as  to  Pigeon  river  by  Mr. 
Bobert  Bell,  the  only  published  information  respecting  the  older 
terranes  in  Minnesota  was  in  the  reports  of  Keating,  Allen  and 
Schoolcraft,  Shumard,  Norwood,  Whittlesey  and  Hall,  with  some 
brief  notes  by  Bigsby,  on  the  Lake  of  the  Woods.  Douglas 
Houghton  had  also  visited  Grand  Portage  and  some  points 
ftirther  west.  Eames  &  Hanchett  had  also  rendered  short  re- 
ports on  some  features  of  the  northern  part  of  the  state,  f  There 
had  been  published  also,  in  1871,  in  the  Zeitschrift  d.  Deutschen 

*  Compare  Inrlng's  and  Wadswortb'a  different  obserrations  on  the  *'  Eastern  Sandstone," 
Copper-bearing  rocks  qf  lake  Superior,  Monograph  No.  5,  U.  8.  Geol.  Surrey,  p.  856,  et  seq. 

t  See  Vol.  I.  final  report,  for  some  account  of  these  early  pablications. 
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geologischen  Geaellschaftj  a  paper  by  Dr.  J.  Kloos  giviBg  some 
notes  on  Minnesota,  in  which  important  new  observations  were 
recorded.  It  was  two  or  three  years  later,  however,  that  this 
last  iiaper  was  first  known  to  the  writer.*  Prof  A.  Winchell 
and  Prof.  B.  D.  Irving  had  also  made  some  observations  on  the 
geology  of  the  Northwest,  particularly  in  Michigan  and  Wis- 
consin. The  report  of  Foster  and  Whitney  on  the  copper  and 
iron  districts  of  the  lake  Superior  region  makes  no  mention  of 
the  geology  of  Minnesota  farther  than  the  reported  occurrence  of 
one  or  two  minerals  on  the  north  shore  of  lake  Superior. 

So  far  as  any  of  this  work  touches  the  geology  of  Minnesota, 
in  the  areas  of  the  crystalline  rocks,  it  may  be  divided  into  twa 
classes. 

1.  That  which  is  descriptive  of  the  geographic  extent  of  the 
crystalline  rocks. 

2.  That  which  by  careful  mineralogical  determinations  dis- 
criminates the  rock  species  from  each  other,  or  classifies  the 
formations  stratigraphically. 

In  the  former  may  be  placed  the  reports  of  Keating,  Allen, 
Schoolcraft,  Shumard,  Eames,  Hanchett  and  Houghton;  in  the 
latter  are  the  reports  of  Norwood,  Whittlesey,  Hall  and  Kloos. 
Norwood's  report  partakes  largely  in  the  character  of  the  first' 
group.  Whittlesey's  was  the  result  of  observations  made  in 
company  with  Norwood,  and  embraces  about  the  same  facts  and 
conclusions.  Prof.  James  Hall's  rex>ort  of  a  trip  from  St.  Paul 
to  lake  Shetekf  in  1866,  embraces  the  first  reference  of  any  of 
the  crystalline  rocks  of  the  state  to  their  supposed  stratigraphic 
equivalents  in  the  eastern  states  and  Canada.  He  distinctly 
refers  the  gneisses  at  Eedwood  Falls  to  the  Laurentmn,  and  the 
quartzytes  at  Kew  TJlm  and  Pipestone  to  the  Huranianj  names 
which  had  been  adopted  by  the  Canadian  geologists,  though  with 
some  ambiguity  and  overlapping  of  description,  the  former  in 
1854,  §  and  the  latter  in  1857,  §  § 

*  See  transalation  of  tbia  in  the  tenth  anual  report. 

1 1866,  Trans.  Am.  Phil.  Soc,  Philadelphia,  p.  829. 

§  Creel.  Report  Can.  Survey,  1867,  p.  7.  The  name  was  used  in  "  Sketch  of  the  Geology  of  Can- 
ada,"  printed  in  French  in  Paris,  1855.  This  is  embraced  in  "Canada  at  the  Universal  Exposi. 
lion  of  1856,"  by  J.  C.  Tache,  a  report  printed  at  Toronto,  "  by  order  of  the  Legislative  Assem- 
bly," 1856.  It  was  first  announced  in  the  report  of  the  survey  for  1852-58,  which,  however,  waa 
not  published  till  1864,  at  Quebec. 

I  gin  Mr.  Murray's  nports  for  1868,  1854,  1855  and  1856  the  terms  "  Huronian  system  "  and 
"  Laurentian  system  "  are  used  incidentally,  and  as  headings  to  chapters ;  but  as  these  were  not 
offered  tor  publication  by  Mr.  Logan  till  March,  1857,  they  cannot  be  considered  as  official 
ftnnounoements  of  those  names  till  the  date  of  their  actual  publication. 
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Just  prior  to  the  adoption  of  these  terms,  expressive  of  a  dis- 
tributive chronological  classification  of  the  terranes  of  the  crys- 
talline rocks,  at  least  all  those  lying  below  the  Potsdam  sand- 
stone, Messrs.  Foster  and  Whitney*  had  employed  the  term 
AzaiCy  after  Mnrchison  and  Verneail,t  and  had  divided  them 
mineralogically  rather  than  chronologically,  into  gneiss,  mica 
and  hornblende  slate,  chlorite,  talcose  and  argillaceous  slate, 
quartz  and  marble.^  They  considered  them  an  indivisible  com- 
plex series,  whose  foldings  and  metamorphic  changes  rendered  a 
determination  of  their  original  stratigraphic  order  impossible. 
This  term,  with  its  significance  as  interpreted  by  Foster  and 
Whitney,  was  adopted  by  Dana  in  the  first  and  second  editions  of 
his  Manual  of  Geology  (1862  and  1864),  and  by  the  Yermont 
geologists  in  1862  (Qeol.  of  Vermont,  Vcd.  I).  It  was  not  till 
1874  when  the  third  edition  of  this  manual  was  issued  (by  some 
mistake  also  called  '^ second"  edition),  that  the  terms  used  by 
the  Canadian  geologists  were  adopted  in  this  work.  They  are 
continued  in  the  fourth  (^' third")  edition  issued  in  1879.  Dr. 
Ebenezer  Emmons  evidently  shared  the  views  of  Foster  and 
Whitney.  Aside  from  his  opinion  that  the  Huronian  of  Canada 
was  only  a  synonym  of  his  Taconic  which  he  insisted  was  not 
"Primary,"  he  divided  the  "primary"  rocks  into  two  groups,|| 
based  on  the  varying  theoretical  agency  of  heat  in  their  produc- 
tion and  present  condition,  viz.,  pyro-erystaUine  Q,nd pyro-plastic. 
In  the  former,  in  the  main,  he  embraced  granite,  gneiss,  mica 
slate,  talcose  slate,  hornblendic  and  hypersthene  rocks,  that  is  to 
say,  si>eaking  broadly,  the  acid  eruptive  rocks  and  their  accom- 
panying schists,  and  in  the  latter  he  included  the  most  of  the 
basic  eruptive8.§ 

When  the  Minnesota  survey  began  [1872]  the  Wisconsin  sur- 
vey, lately  completed  by  Chamberlin,  had  not  yet  been  instituted.  §§ 
and  the  Michigan  survey,  revived  in  1869,  did  not  present  its 
first  final  volume  for  publication  till  May  1,  1873.  The  writer, 
having  been  at  work  in  1870  on  the  Michigan  survey,  was,  how- 


•  Proc  A.  A.  A.  S.  1891,  p.  4. 

fXhe  Geology  of  Ruwia  in  Europe,  Vol.  I,  p.  10. 

t  Report  on  the  Geology  of  the  lake  Superior  land  district;   part  II.  p.  2.  Am.  Jour.  Sci.,  (2) 
zxHLSOS. 

I  Manual  of  Geology,   Second  edition,  1860,  p.  62. 

§  Emmons  also  regarded  some  limestones  aspyro-crystalline,  and  be  embraces  it  in  both  series 
of  that  clasi  of  rocks.    Op.  cit  p.  60  et  66. 

g^The  law  ordering  the  Wisconsin  lurvey  was  approred  March  18,  1873. 

Vol.  III.— 2. 
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ever,  acquainted  with  the  views  of  the  director,  Prof.  A.  Win- 
chell,  and  of  major  T.  B.  Brooks,  the  geologist  of  the  iron  regions, 
touching  the  equivalency  of  the  Marquette  iron  formation  to  the 
Huronian  of  Canada,  as  subsequently  announced  in  Volume  I  of 
that  report. 

The  first  volume  of  the  New  Hampshire  report  by  Prof.  C.  H. 
Hitchcock  wafi  issued  in  1874,  and  that  devoted  to  the  strati- 
graphic  geology  of  the  Archaean  in  that  state  in  1877. 

(b)  The  problemSf  therefore^  that  were  then  unsolved^  touching 
the  stratigraphy  of  the  Azoic  or  Archaean,  were  afi  follows : 

1.  Could  the  Azoic  be  divided  stratigraphically  with  any 
probable  general  applicability  t 

2.  Could  the  terms  Huronian  and  Laurentian,  afi  employed 
by  the  Canadian  geologists,  find  any  equivalents  in  the  crystal- 
line rocks  of  Minnesota! 

3.  What  relation  did  the  Huronian  bear  to  the  Cambrian! 

4.  What  relation  did  the  Huronian  bear  to  the  Taconic! 

5.  What  relation  did  the  Cambrian  bear  t9  the  Taconic! 

6.  What  relation  did  the  Animikie  bear  to  the  Taconic,  the 
Cambrian  and  the  Huronian  ! 

Correlatively  with  these  problems  appeared  others,  although 
they  did  not  present  themselves  so  forcibly  till  some  time  later, 
viz.: 

7.  Could  the  rocks  classed  as  Laurentian  be  distinctly  shown  to 
be  of  older  date  than  the  Huronian!  All  of  them,  or  a  part 
of  them! 

8.  Could  the  Laurentian  be  subdivided! 

9.  Is  the  Laurentian  derived  from  originally  sedimentary 
rock!  or  from  primarily  eruptive  rock! 

10.  If  originally  sedimentary,  or  if  primarily  eruptive,  why 
is  it  mainly  an  "acid"  rock! 

(c)  Publications  issued  since  Vie  work  began. 

In  an  appendix  is  a  list  of  publications  that  have  been  issued 
since  1872,  bearing  on  the  geology  of  the  crystalline  rock,  of  the 
Northwest,  so  far  as  the  writer  has  learned  of  them.  It  is  prob- 
ably not  complete,  but  certainly  embraces  everything  that  has 
contributed  to  the  subject  any  important  information.  To  all  of 
these  the  writer  must  acknowledge  great  indebtedness,  and  to 
none  greater  than  to  the  geologists  of  Michigan  and  Wisconsin, 
Maj.  T.  B.  Brooks,  Dr.  A.  Winchell,  Prof.  E.  Pumpelly,  Dr.  C. 
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Bominger,  Prof.  0.  E.  Wright,  A.  E.  Marvine,  Prof.  E.  D. 
Irving,  Prof,  (now  President)  T.  C.  Chamberlin,  E.  T.  Sweet, 
and  to  Prof.  M.  E.  Wadsworth,  now  state  geologist  of  Michigan. 

(d)  The  varums  annual  reports:  progress  from  year  to  year. 

That  there  has  been  some  advance  in  the  science  of  the  crys- 
talline rocks  in  America  at  large  as' well  as  in  those  of  the 
Northwest,  and  of  Minnesota  specifically,  since  1872,  is  evident 
from  a  comparison  of  the  problems  unsolved  in  1872  with  those 
that  are  presented  to  the  geologist  in  1889;  and  while  this  ad- 
vance is  mainly  due,  of  course^  to  the  labor  of  the]authors  whose 
works  are  listed  above,  some  of  the  steps  of  this  progress  may 
be  accredited  to  the  Minnesota  survey.  Some  of  these 
steps,  due  to  a  large  extent,  or  wholly,  to  the  Minnesota 
survey,  it  will  be  appropriate  here  to  enumerate.  There 
may  be  still  a  difference  of  opinion  among  the  geologists 
of  the  United  States  and  Canada  as  to  what  constitutes 
a  step  of  progress,  and  as  to  who  should  be  regarded  as  its 
author.  But  it  is  the  design  of  the  writer  to  mention  only  those 
.stex)S  which  appear  to  his  judgment  to  be  actual  advances, 
whether  they  appear  so  to  others  or  not,  and  in  that  he  holds  no 
one  responsible  but  himself.  As  to  the  responsibility  and  the 
credit  for  these  steps,  that  is  decided,  as  in  all  similar  cases  in 
science,  by  the  dates  of  the  published  literature  that  announces 
them.  The  record,  therefore,  which  will  here  be  given,  will  be 
that  of  the  progress,  mainly,  of  the  writer's  own  mind  and  ap- 
prehension of  what  he  considers  successive  advances. 

The  first  anniuil  report,  1872. 

The  first  annual  report  was  made  before  any  time  had  been 
allowed  for  examination  of  the  crystalline  rocks  of  the  state  by 
the  present  survey.  Therefore  the  only  design  was  to  express 
<;oncisely  the  state  of  knowledge  that  then  was  available,  so  far  as 
it  bore  on  any  classification  that  might  be  accepted.  The  views 
of  Foster  and  Whitney  as  expressed  in  1851,*  grouping  the  crys- 
talline rocks  in  the  same  manner  as  Murchison  and  Yerneuil,  all 
in  one  system  under  the  name  Azoic,**  were  cited  and  their  table 
of  stratification  was  quoted.  At  the  same  time  the  subdivision 
into  Laurentian  and  Huronian,  introduced  by  Logan  and  Hunt 

•  Report  on  the  Geology  of  the  lake  Superior  land  dUtrieL   Pari  II,  p.  8.  Proc,  ^4.  ^ .  ^ .  5. 1851 ,  p.  4 
••  Geology  of  Russia.  Vol.  I,  p.  10.  • 


10  SEVENTEENTH  ANNUAL  BEPOBT 

€ver,  acquainted  with  the  views  of  the  director,  Prof.  A.  Win- 
€hell,  and  of  major  T.  B.  Brooks,  thegeologist  of  the  iron  regions, 
touching  the  equivalency  of  the  Marquette  iron  formation  to  the 
Hnronian  of  Oanada,  as  subsequently  announced  in  Volume  I  of 
that  report. 

The  first  volume  of  the  New  Hampshire  report  by  Prof.  C.  H. 
Hitchcock  was  issued  in  1874,  and  that  devoted  to  the  strati- 
graphic  geology  of  the  Archaean  in  that  state  iQ  1877. 

♦ 

(b)  The  problems,  therefore,  thai  were  then  unsolved,  touching 
the  stratigraphy  of  the  Azoic  or  Archsean,  were  as  follows : 

1.  Could  the  Azoic  be  divided  stratigraphically  with  any 
probable  general  applicability  ? 

2.  Gould  the  terms  Hnronian  and  Laurentian,  as  employed 
by  the  Canadian  geologists,  find  any  equivalents  in  the  crystal- 
line rocks  of  Minnesota! 

3.  What  relation  did  the  Hnronian  bear  to  the  Cambrian? 

4.  What  relation  did  the  Hnronian  bear  to  the  TaconicT 

5.  What  relation  did  the  Cambrian  bear  t9  the  TaconicT 

6.  What  relation  did  the  Animikie  bear  to  the  Taconic,  the 
Cambrian  and  the  Hnronian  T 

Correlatively  with  these  problems  appeared  others,  although 
they  did  not  present  themselves  so  forcibly  till  some  time  later, 
viz.: 

7.  Could  the  rocks  classed  as  Laurentian  be  distinctly  shown  to 
be  of  older  date  than  the  Hnronian?  All  of  them,  or  a  part 
of  them! 

8.  Could  the  Laurentian  be  subdivided? 

9.  Is  the  Laurentian  derived  from  originally  sedimentary 
rock?  or  from  primarily  eruptive  rock? 

10.  If  originally  sedimentary,  or  if  primarily  eruptive,  why 
is  it  mainly  an  ''acid"  rock? 

(c)  Publications  issued  since  tlie  work  began. 

In  an  appendix  is  a  list  of  publications  that  have  been  issued 
since  1872,  bearing  on  the  geology  of  the  crystalline  rock,  of  the 
Northwest,  so  far  as  the  writer  has  learned  of  them.  It  is  prob- 
ably not  complete,  but  certainly  embraces  everything  that  has 
contributed  to  the  subject  any  important  information.  To  all  of 
these  the  writer  must  acknowledge  great  indebtedness,  and  to 
none  greater  than  to  the  geologists  of  Michigan  and  Wisconsin, 
Maj.  T.  B.  Brooks,  Dr.  A.  Winchell,  Prof.  E.  Pumpelly,  Dr.  C. 
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Bominger,  Prof.  0.  E.  Wright,  A.  E.  Marvine,  Prof.  E.  D. 
Irving,  Prof.  (now.  President)  T.  C.  Chamberlin,  E.  T.  Sweet, 
and  to  Prof.  M.  E.  Wadsworth,  now  state  geologist  of  Michigan. 

(d)  The  various  annual  reports:  progress  from  year  to  year. 

That  there  has  been  some  advance  in  the  science  of  the  crys- 
talline rocks  in  America  at  large  as* well  as  in  those  of  the 
Northwest,  and  of  Minnesota  specifically,  since  1872,  is  evident 
from  a  comparison  of  the  problems  unsolved  in  1872  with  those 
that  are  presented  to  the  geologist  in  1889;  and  while  this  ad- 
vance is  mainly  due,  of  course,  to  the  labor  of  the]authors  whose 
works  are  listed  above,  some  of  the  steps  of  this  progress  may 
be  accredited  to  the  Minnesota  survey.  Some  of  these 
steps,  due  to  a  large  extent,  or  wholly,  to  the  Minnesota 
survey,  it  will  be  appropriate  here  to  enumerate.  There 
may  be  still  a  difference  of  opinion  among  the  geologists 
of  the  United  States  and  Canada  as  to  what  constitutes 
a  step  of  progress,  and  as  to  who  should  be  regarded  as  its 
author.  But  it  is  the  design  of  the  writer  to  mention  only  those 
«tex)S  which  appear  to  his  judgment  to  be  actual  advances, 
whether  they  appear  so  to  others  or  not,  and  in  that  he  holds  no 
one  responsible  but  himself.  As  to  the  responsibility  and  the 
credit  for  these  steps,  that  is  decided,  as  in  all  similar  cases  in 
science,  by  the  dates  of  the  published  literature  that  announces 
them.  The  record,  therefore,  which  will  here  be  given,  will  be 
that  of  the  progress,  mainly,  of  the  writer's  own  mind  and  ap- 
prehension of  what  he  considers  successive  advances. 

The  first  annual  report,  1872. 

The  first  annual  report  was  made  before  any  time  had  been 
allowed  for  examination  of  the  crystalline  rocks  of  the  state  by 
the  present  survey.  Therefore  the  only  design  was  to  express 
concisely  the  state  of  knowledge  that  then  was  available,  so  far  as 
it  bore  on  any  classification  that  might  be  accepted.  The  views 
of  Foster  and  Whitney  as  expressed  in  1861,*  grouping  the  crys- 
talline rocks  in  the  same  manner  as  Murchison  and  Yerneuil,  all 
in  one  system  under  the  name  Azoic,**  were  cited  and  their  table 
of  stratification  was  quoted.  At  the  same  time  the  subdivision 
into  Laurentian  and  Huronian,  introduced  by  Logan  and  Hunt 

*  Report  on  the  Otology  of  the  lake  Superior  land  district.   Part  IT,  p.  8.  Proc.  A.A.A.S.lS5\,pA 
••  G«ology  of  Russia,  Vol.  I,  p.  10.  • 


12  SEVENTEENTH  ANNUAL  BEPOBT 

of  the  Canadian  snrvey,  though  contested  by  Prof.  Whitney,  was 
generally  prevalent,  and  these  terms  were  included  in  the  brief 
description  then  published  of  their  extension  into  Minnesota. 
><  The  most  important  question,  however,  which  was  considered 
in  the  first  report,  bearing  on  the  classification  of  the  Laurentian 
and  Huronian,  was  that  pertaining  to  the  Fotsdam  mndstone.  The 
bearing  of  this  discussion,  however,  upon  that  classification  was 
not  fully  apprehended,  as  its  application  and  significance  have 
been  brought  to  light  in  some  of  the  later  years  of  the  survey. 
Drs.  Owen  and  Norwood,  as  well  as  A.  Winchell  *  considered 
the  red  sandstones  and  quartzytes  of  Wisconsin  and  Minnesota 
as  the  conformable  downward  extension  of  the  light-colored 
sandstones  of  the  St.  Croix  and  Mississippi  valleys  which  they 
parallelized  with  the  Potsdam  of  New  York.    It  was  just  before 
the  commencement  of  the  Minnesota  survey  (Feb.,  1872,  Am. 
Jour.  Sci.,  p.  93),  that  Prof.  R.  D.  Irving  demonstrated  conclu- 
sively that  at  Baraboo,  Wisconsin,  there  was  a  marked  uncon- 
formity between  the  red  and  the  light- colored  sandstones,  and 
that  they  could  not  belong  to  the  same  system.    Prof.  Irving 
coincided  with  Prof.  James  Hall,**  who  had  previously  regarded 
the  light-colored  upper  sandstones  as  Potsdam  and  had  been 
followed  by  nearly  all  geologists  of  America,  in  referring  the 
lower  quartzytes  to  the  Huronian  of  Canada. 

The  first  report  of  the  Minnesota  survey  refers  the  lower 
quartzytes  to  the  Potsdam  horizon  of  New  York  and  gives  the 
name  8t  Groix  to  the  overlying  light-colored  sandstones.  In  the 
light  of  all  subsequent  examinations,  both  east  and  west,  there 
has  appeared  nothing  that  has  disproved  the  correctness  of  this 
reference,  but  on  the  other  hand  every  fact,  whether  of  pale- 
ontology or  of  stratigraphy,  which  has  been  brought  out  since 
1872,  relating  to  this  horizon,  has  been  in  accord  with  it.  It 
must  not,  however,  be  considered  as  sufficiently  demonstrated, 
so  long  as  there  are  competent  dissentients  who  still  restrict  the 
name  Potsdam  to  the  later  sandstones.  It  will  appear  later  in 
what  way  this  bears  on  the  classification  of  the  rocks  styled 
Azoic  by  Messrs.  Foster  and  Whitney  and  later  Archaean  by  Prof. 
J.  D.  Dana. 


*  Owen's  report  on  Wis.,  Iowa  and  Minn.,  pp.  48,  187,  and  Table,  p.  634.  Am.  Jour.  Scl.  (11) 
xxzxii.  226, 1864. 

** Report  of  progreM  to  the  Qoyernor  of  Wisconsin,  1860;  also  Notes  upon  the  geology  of 
some  portions  of  Minnesota  from  St.  Paul  to  the  western  part  of  the  state,  Tram.  Am.  PhU.  Soc, 
PhiladelphU,  June,  1866. 
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The  second  annual  reporty  1873. 

In  the  second  report  was  an  account  of  the  geology  of  the 
Minnesota  valley.  While  this  entered  into  a  somewhat  detailed 
description  of  the  field  appearances  of  namerons  outcrops  of  the 
crystalline  rocks  between  Kew  T71m  and  Big  Stone  lake,  there 
was  no  attempt  made  to  classify  them,  or  to  refer  them  to  any 
horizon  of  rocks  exposed  in  the  northern  part  of  the  state.  They 
were  regarded  as  a  southern  extension  from  the  granites  in  the 
northern  part  of  the  state,  and  were  presumed  to  have  their 
parallelisms  there  if  they  could  be  referred  to  their  proper 
places.  The  red  quartzyte  at  (or  near)  New  Xllm  is  again 
referred  to  the  age  of  the  Potsdam. 

The  sixth  annual  report,  1877. 

The  report  contains  the  first  recorded  observations  made  by 
the  Minnesota  survey  on  the  crystalline  rocks  of  the  northeastern 
part  of  the  state.  They  were  made  at  Northern  Pacific  Junction 
and  about  Little  Falls,  on  the  Mississippi  river.  An  examina- 
tion was  also  made  of  the  granitic' rock  in  the  vicinity  of  Motley. 
These  notes  are  simply  descriptive,  without  any  effort  at  classi- 
fication. 

In  this  report  is  a  description  of  the  geology  of  Eock  and  Pipe- 
stone counties,  in  which  are  large  outcrops  of  the  same  red 
quartzyte  as  seen  at  New  Ulm,  and  at  Baraboo,  Wisconsin.  It 
is  classed  as  Potsdam. 

The  seventh  annual  report,  1878. 

In  the  seventh  report  is  a  sketch  of  a  somewhat  extended  sys- 
tematic examination  of  the  mining  geology  of  the  northeastern 
part  of  the  state.  The  coast  of  lake  Snx>erior  was  examined  from 
Dnluth  to  Pigeon  point,  a  trip  was  made  overland  from  Grand 
Portage  along  the  international  boundary  to  Basswood  (or  Basi- 
menan)  lake,  thence  to  Vermilion  lake,  the  St.  Louis  river,  across 
to  the  Mississippi  and  down  that  river  to  Little  Falls.  Some 
examination  was  also  made  of  the  country  between  Pigeon  point 
and  the  Brule  river  by  ascending  some  of  the  valleys  from  the 
shore  of  lake  Superior.  Among  the  geological  results  of  the  sea- 
son's field  work,  as  stated  in  the  report,  on  p.  10,  are  the  follow- 
ing points  which  may  be  classed  as  advances  in  classification  of 
the  crystalline  rocks  of  the  state. 

1.   The  syenites,  granites  and  other  rocks  that  had  been  named 
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Laurentian  by  the  Canadian  geologists  graduate  conformably 
into  the  schists  and  slates  that  had  been  named  Haronian  by  the 
same — as  designated  and  defined  by  Mr.  Bobert  Bell.  This  is 
also  stated  by  Mr.  Bell  in  his  report  for  the  Canadian  geological 
survey,  1873.*  This  definition,  however,  of  the  Huronian  for- 
mation, as  will  appear  later  in  this  summary,  was  incorrect,  and 
the  correction  was  made  by  Mr.  A.  C.  Lawson  who  named  the 
schists  Keewatin  aeries. 

2.  The  gray  quartzyte  formation,  No.  4  of  the  seventh  re- 
port, is  the  iron-ore  formation  of  the  Mesabi  range  and  gradu- 
ates conformably  into  siliceous  iron-charged  rock,  "which  in 
some  places  furnishes  a  valuable  iron  ore  in  large  quantities." 

3.  The  Cupriferous  formations,  later  known  as  the  Kewenian, 
or  Keweenawan,  lies  unconformablyover  several  formations,  and 
is  interstratified  with  the  beds  of  the  latest. 

The  evidences  of  these  conclusions  are  not  given  in  this 
report.  The  detailed  observations  have  not  yet  been  published, 
but  a  synopsis  of  them  was  published  in  connection  with  a  pre- 
liminary description  of  rock  samples  collected,  in  the  ninth 
annual  report. 

The  eighth  annual  report,  1879. 

So  far  as  the  eighth  report  records  the  work  of  1879  on  the 
crystalline  rocks,  it  embraces  the  descriptive  account  of  the  out- 
crops in  the  Minnesota  valley  by  Mr.  Warren  Upham,  and  some 
mineralogical  notes  on  the  eruptive  ranges  of  the  lake  Superior 
region  by  Prof.  C.  W.  Hall.  The  observations  of  the  writer  in 
the  northwestern  part  of  the  state,  in  1879,  have  never  been  pub- 
lished in  full,  but  a  synopsis  of  them  was  published  in  connection 
with  a  preliminary  description  of  rock  samples  collected,  in  the 
tenth  annual  report. 

In  a  preliminary  chapter  are  some  mineralogical  notes  on  the 
"Cupriferous  series  atDuluth"  (p.  22).  In  this  a  distinction  is 
drawn  between  the  labradorite  rock,  or  "gabbro,"  and  the  red 
orthoclastic  syenite  which  is  mingled  irregularly  with  it,  the 
latter  being  regarded  as  the  result  of  local  fusion  of  some  of  the 
sedimentary  strata,  probably  some  of  the  strata  of  the  Cuprif- 
erous series.  The  whole  trap  and  Cupriferous  series  of  lake 
Superior  is  here  assigned  to  the  age  of  the  Potsdam  sandstone. 


•Report  of  progren,  1872-8,  p.  106. 
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The  Ninth  annual  r^art,  1880. 

This  report  gives  a  preliminary  description  of  442  rock  sam- 
ples collected  in  the  region  of  the  crystalline  rocks  northwest 
from  lake  Superior,  in  1878,  with  a  running  brief  commentary 
on  their  field  relations.  It  contains  but  little  attempt  at  classi- 
fication of  the  stratigraphy.  A  distinction  of  unconformity  is 
made  on  p.  82  between  the  gray  slates  and  quartzytes  of  the 
south  side  of  Ounflint  lake  and  the  hydromicaceous  rocks  of  the 
north  side,  the  two  being  separated  by  a  conglomerate-breccia, 
and  the  more  northern  rocks  being  regarded  as  the  equivalent  of 
what  the  Canadian  geologists  had  styled  Huronian.  This  con- 
ception of  the  Canadian  Huronian  was  derived  from  Dr.  Hunt's 
having  described  the  Huronian  as  in  the  main  a  mass  of  green- 
stones, and  Dr.  BelPs  report  on  the  region  westward  from  Thun- 
der bay  in  1872.  Observations  are  recorded  on  p.  94  indicating 
a  conformable  passage  from  what  was  then  regarded  as  Huronian 
to  the  lower  syenites,  or  Laurentian. 

The  tenth  annual  report,  1881. 

The  preliminary  description  of  rock-samples  is  continued  in 
this  report,  embracing  those  collected  in  1879,  and  extending  the 
list  to  No.  836  inclusive.  There  is  also  a  renewed  discussion  of 
the  Potsdam  sandstone  and  its  western  equivalents,  and  a  short 
description  of  some  typical  thin  sections  of  the  rocks  of  the 
Cupriferous,  or  Kewenawan,  in  Minnesota. 

This  report  embraces  some  attempt  at  partial  classification, 
stratigraphically,  of  the  crystalline  rocks.*  The  strata  that 
comprise  the  island  at  Grand  Portage  bay  are  described  ia 
detail,  with  references  to  the  rock-samples  illustrating  them. 
This  is  followed  by  a  ^^Oeneralized  section  of  the  alternating 
beds  of  the  formation,"  and  of  the  Animikie  (Taconic)  and  lower 
terranes  to  the  granites  and  syenites  of  the  region  north  of  Oun- 
flint lake.    It  is  as  follows: 

Generalized  secHon  at  Grand  Portage  and  northweiUtoard  to  Gunflini  lake, 

1.  The  Palisade  rock,  or  the  '*  red 'rock. " 

2.  Oreen  shales,  etc.,  in  the  bay  east  of  Red  point  (Nos.  232,  235 

and  230). 

3.  Layer  of  trap,  likeMO  (542)  seen 14  feet. 

4.  Chalcedonic  amygdaloid  (543)  seen 20  feet.. 


•See  pp.  47,  49,  87,  M,  112,  123-186. 
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5.  FibronB  green  trap  striking  E.  and  W.  throngh  the  island  and 

forming  its  highest  parti^.  In  spots  it  is  globaliferons  with 
hard,  dark,  strong,  shot-like  pellets  abont  I  inch  in  diameter, 
(Nos.  644  and  645) 35  feet. 

6.  Even-grained  sandrock  (646)  seen 8  feet. 

7.  Trap  bed,  finely  and  irregularly  jointed,  with  nodules  of  white 

saccharoidal  calcite  (547)  seen 36  feet. 

8.  Qnartzyte  (548)  seen 5  feet. 

9.  Conglomerate  (549)  seen 16  feet. 

10.  The  rock  No.  540,  forming  the  great  trap  oovering  of  the  qnart- 

zyte hills  at  Grand  Portage;  seen  50  fb.;  estimated 250  feet. 

11.  The  slate  and  qnartzyte  terranes  seen  in  the  hills  at  Grand  Port- 

age, generally,  and  along  the  international  bonndaiy  as  far 

west  as  the  west  end  of  Gnnflint  lake,  estimated 400  feet 

12.  Jasper  and  iron-ore  beds  of  the  Mesabi,  and  southeast  of  Vermil- 

ion lake. 

13.  The  micaceous  and  chloritic  schists  and  slates  of  Vermilion  lake 

and  the  dalles  of  the  St.  Louis  river. 

14.  The  mica  schists,  granites  and  syenites  of  the  region  north  of 

Gnnflint  lake. 

This  takes  no  account  of  the  great  labradorite  range,  which  in  some  places 
forms  the  Mesabi,  nor  of  the  iron-ore  deposits  of  Mayhew  lake,  because  these 
are  apparently  included  in  the  rock  Nos.  258  and  540,  or  in  an  immense  outflow 
of  molten  matter  at  a  date  somewhat  earlier  (V.  No.  695  and  816).  Nor  does  it 
mention  the  conglomerate  at  Ogishke  Muncle  lake,  because  that  is  apparently  an 
incident  of  the  slaty  and  talcose  beds  included  in  sub-No.  13;  nor  the  red 
granite  of  the  region  of  Brul^  Mt.,  because  they  are  probably  a  modified  con- 
dition of  the  Palisade  rock. 

Bespecting  the  parallels  of  the  qnartzyte  strata  composing  a 
part  of  Isle  Eoyal,  so  far  as  fonnd  in  Minnesota,  the  following 
statement  is  found  on  page  49. 

Its  dip,  color  and  bedding  recaU  the  red  qnartzyte  in  S.  W.  Minnesota,  but 
it  is  rather  leas  siliceous  than  that.  In  the  same  manner,  however,  it  overlies 
a  coarse  pebbly  conglomerate,  which  in  the  same  way  indicates  its  relation  to 
the  red  qnartzyte  of  Grand  Portage  island  and  of  Pigeon  Point  peninsula 
(No.  290),  as  well  as  to  the  sandrock  and  shales  of  Fond  du  Lac. 

Not  at  that  time  having  realized  the  fact  of  the  existence  of 
two  hematite  iron-ore  horizons,  in  two  separate  and  nnconform- 
able  formations,  there  are  some  intimations  of  the  confusion  of 
stratigraphic  interpretations  which  the  writer  discovered  when 
the  efforti  at  general  classification  was  undertaken.  Thus,  on 
page  94,— 

The  "  Gnnflint  beds  "  (i.e.,  the  Jasperoid  beds)  south  of  Gnnflint  lake  (see  after 
No.  747)  have  been  associated  with  the  slates  and  quartzytes  of  the  overlying 
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formation  (1.  e.,  the  Animike)  rather  than  with  the  talcose,  slaty  beds  nnder- 
lying  (see  426),  but  observations  about  Town  Line  and  Ogishke  Mancie  lakes 
^aeem  to  indicate  that  they  are  here  a  part  of  a  schistose,  slaty  formation, 
highly  inclined,  which  belongs  to  the  Hnronian  (i.  e.,  astheHnronian  had  been 
described  in  the  region)  passing  into  the  great  conglomerate  of  Ogishke  Man- 
Kde  lake.'' 

At  the  same  time  the  conglomerate  about  Ogishke  Mancie 
lake  was  regarded  as  a  single  formation,  and,  while  in  all  de- 
scriptions and  sections  that  had  been  given,  it  had,  as  a  totality, 
been  grouped  as  a  part  of  a  terrane  separate  from  the  Animike, 
yet  there  were  stated  1^  be  some  considerations  that  seem  to. 
require  it  to  be  considered  a  part  of  the  Animike  (p.  95);  and 
that  the  horizontal  slates  (the  Animike)  as  a  whole  may  also 
pass  into  the  tilted  slates  as-  a  whole.  It  will  only  be  necessary 
to  state  that  this  latter  idea  was  one  of  the  errors  that  are 
inseparable  from  the  progress  of  any  such  investigation.  It  was 
recorded  at  the  time  as  expressive  of  the  stage  of  interpretation  of 
the  facts  that  had  then  been  reached.  Yet  it  was  not  wholly 
erroneous.  The  facts  appealed  to,  conflicting  as  they  appeared 
then,  are  facts  still,  and  they  go  with  numerous  other  observa- 
tions to  force  the  abandonment  of  the  idea  that  the  Animike  is 
convertible  into  the  '^talcose"  or  sericitic  slates  and  schists  of 
the  region  further  west,  although  they  do  become  highly  tilted. 
The  former  idea,  however,  when  separated  from  the  latter,  and 
supplemented  by  further  statement  in  harmony  with  a  wider  field 
of  observation,  has  stood  the  test  of  all  the  study  and  observa- 
tion that  have  been  devoted  to  this  point,  and  may  be  consid- 
ered as  a  step  of  progress,  viz..  The  formation  of  horizontal 
slates  of  the  vicinity  of  Ounflint  lake  and  the  international 
boundary  is  the  same  as  the  highly  tilted  slate  and  quartzyte 
formation  that  passes  into  the  slaty  conglomerate  of  the  region 
of  Ogishke  Huncie  lake.* 

In  regard  to  the  epoch  of  the  great  outflow  of  the  lab- 
radorite  rock,  the  '^gabbro,"  some  general  statements  are  given 
on  pages  112  and  113,  based  on  observations  at  Beaver  Bay. 
which  show  that  this  rock  preceded  the  advent  of  the  bulk  of 
the  eruptive  traps  of  the  Cupriferous.  The  conclusions  are  in 
these  words: 


*  Prof.  Irring  and  the  WlMonsln  and  Michigan  geologiato,  aa  well  as  all  the  Canadian  geolo- 
giats  except  Dr.  A.  C.  Lawion,  so  far  aa  known,  regard  these  horizontal  slates  when  broken  and 
tilted  and  the  tilted  schists  as  both  included  in  the  Huronlan :  and  Prof.  Irring  has  referred  to 
this  bfpotbetioal  oonversion  of  one  to  the  other  in  support  of  that  rlew.  (Copper.bearlng  rocks 
•of  lake  Superior,  Mon.  V.,  U.  8.  Oeol.  Sur.,  p.  443.) 

Vol.  ra.  —3. 
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(1)  The  Great  Palisades  are  of  a  rock,  the  eqnivalent,  geologically,  of  tbe^ 
slaty  qnartzyte  (Nos.  127  and  528)  at  Beaver  Bay,  and  below  that  point;  and 
to  the  red  syenite  of  the  islands  below  Beaver  Bay,  and  of  the  west  blaff  of 
Beaver  bay ;  and  to  the  red  (often  qoartzless)  rock  associated  with  the  gabbro 
at  Dulnth.  These  beds  also  constitute  the  red  bluf^  at  Tischer's  near  Dalath, 
and  New  London,  as  well  as  the  red  rocks  at  Baptism  river  and  the  East  Pali- 
sades. 

(2)  The  feldspar  masses  are  of  the  same  rock  (geologically)  as  the  Kice 
Point  gabbro,  and  both  are  the  resolt  of  copious,  and  perhaps  one  of  the  earli. 
est,  igneous  outflows  of  the  Cupriferous.  *  ♦  *  The  late  outflows  derived 
fragments  from  the  *^ clinker  fields''  and  from  the  knobs  of  feldspar  already 
formed,  as  they  passed  along;  and  when  these  had  been  covered  by  later  sedi- 
mentation such  sedimentary  beds  were  also  involved  in  the  later  upheavals  and 
fusions. 

The  ^' slaty  quartzyte"  here  mentioned  as  the  probable  equiv- 
alent of  the  Palisade  rock,  is  a  firm,  purplish  felsyte  containing^ 
some  angular  quartz  grains. 

In  the  discussion  of  the  question — what  are  the  western  equiv- 
alents  of  the   Potsdam  sandstone — the  tenth  annual  report 
records  some  departures  from  the  conclusions  of  the  Wisconsin 
geologists,  and  reverts  to  the  opinions  expressed  in  the  fi.rst 
annual  report,  to  the  effect  that  the  Potsdam  sandstone  of  'New 
York  is  not  found  at  all  in  the  bluf^  of  the  Mississippi  river,, 
but  that  it  is  more  likely  to  be  represented  by  the  red  sandstone 
and  shales  that  constitute,  with  the  associated  eruptive  rocks 
and  conglomerates,  the  Cupriferous  or  Kewenawan  formation  of 
lake  Superior.     It  maintains  that  the  Taconic  system  was  estab- 
lished correctly  by  Dr.  Emmons,  and  that  it  is  repeated  in  the 
Animike  of  Thunder  bay,  as  well  as  in  the  Georgia  group  of 
Vermont.    This  last  is  an  important  step  of  progress,  in  the 
opinion  of  the  writer,  and  one  that  no  later  discoveries  have 
tended  to  invalidate.    This  conclusion  was  reached  by  a  com- 
parison of  the  described  stratigraphy  and  the  paleontology  of 
the  formations  involved  in  the  east,  with  those  of  the  west^ 
The  Potsdam  sandstone,  or  quartzyte,  in  both  places  lies  proba- 
bly unconformably  over  the  Taconic. 

The  eleventh  annual  report^  1882, 

While  containing  some  matter  relating  to  the  mineralogy  and 
lithology  of  the  state,  also  embraces  a  table  of  the  systematic 
geology  of  the  crystalline  rocks.  This  represents  the  '^Huro- 
nian"  as  extending  from  the  Potsdam  formation  through  the 
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Taconic,  also  embracing  the  formation  since  named  Keewatin  by 
Dr.  A.  C.  Lawson,  and  the  mica  schists  since  named  (in  the  re- 
port for  1886)  Vermilion  gronp*  by  this  survey.  The  black  slates 
and  the  qnartzytes  of  the  Animike  and  the  Ogishke  Conglom- 
erate are  made  the  equivalent  of  some  of  the  Taconic.  This 
includes  also  the  iron-bearing  rocks  of  the  Mesabi  range  and  Ver- 
milion lake,  the  '^Ounflint"  beds  and  the  slates  and  qnartzytes 
at  Thomson.  The  magnesian  sericitic  schists  of  the  region  of 
Vermilion  lake  and  north  of  Ounflint  lake,  while  placed  below 
the  Taconic  and  above  the  mica  schists  (which  are  styled  ^'  Mon- 
talbanf")  are  doubtfully  supposed  to  represent  the  true  Huro- 
nian. 

Prof.  A.  H.  Chester,  in  this  report,  parallelizes  the  iron  dis- 
tricts of  Minnesota,  i.  e.,  the  Mesabi  and  the  Vermilion  ranges, 
both  with  the  ^^Huronian,"  and  specially  dwells  on  the  resem- 
blance of  the  Mesabi  iron-bearing  rocks  to  those  of  the  Penokee 
range  in  Wisconsin.  He  also  calls  special  attention  to  the  close 
geological  similarity  between  the  Vermilion  iron  deposits  and 
those  of  Marquette. 

The  thirteenth  anntud  report,  1883. 

In  this  report  is  found  the  first  statement  that  indicates  the 
necessity  of  separating  the  Vermilion  ore  horizon  from  the 
Mesabi  ore  horizon.  See  pp.  24,  37.  It  is  here  assigned  to 
the  formation  of  ^'Huronian  conglomerates  and  greenstones" 
(see  Fig.  5,  p.  22),  the  same  that  in  the  eleventh  report  was 
described  (p.  170)  as  *^  magnesian,  greenish,  soft  schists,  becoming 
syenitic  and  porphyritic;  seen  on  the  north  side  of  Ounflint 
lake,  along  the  international  boundary  at  Basswood  lake,  and  at 
Vermilion  lake,"  the  formation  of  graywackes  and  sericitic 
schists  which  has  since  been  designated  Keewatin,  the  same  that 
in  the  ninth  report  was  said  to  be  unconformably  under  the 
Animike  at  Ounflint  lake. 

This  report  also  describes  primordial  fossils  from  the  red 
quartzyte  of  southwestern  Minnesota,  the  same  that  Prof.  James 
Hall  had  classed  as  Huronian,  and  that  had  been  also  regarded 
Huronian  by  the  Wisconsin  geologists.  These  fossils  are  Lin- 
gula  calumet  and  Paradoxidea  barberi,  and  the  beds  containing 
them  are  supposed  to  be  represented  in  the  lake  Superior  region 
by  the  red  quartzyte  at  the  head  of  Wauswaugoning  bay  and  on 

*  Aboat  the  Mune  time  the  Vermilion  groop  wu  named  CbuUhlehing  bj  Dr.  Lawion.    Am. 
Jour.  Sd.  (3)  xzziiL,  p.  478. 
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Pigeon  point,  which  in  the  tenth  report  was  supposed  to  be 
extended  to  Isle  Boyal. 

The  fifteenth  annual  report^  1886. 

A  large  amount  of  field-work  was  done  in  1886.  It  added 
mnch  to  the  evidences  of  the  correctness  of  the  general  paral- 
lelisms that  had  been  gradually  wrought  out  by  the  survey. 
It  also  introduced  some  new  problems,  and  showed  the  necessity 
of  instituting  some  subordinate  divisions  in  the  formations  that 
had  been  spoken  of  in  other  reports.  It  also  showed  the  neces- 
sity of  abandoning  some  of  the  hypothetical  parallelizations  that 
had  been  entertained. 

In  respect  to  the  gabbro  formation,  the  Mesabi  overflow,  it  was 
found  to  be  indistinctly  separable  from  another,  and  earlier,  erup- 
tive rock  which  constitutes  a  prime  feature  in  the  topography, 
and  which  occupies  a  wide  belt  of  country  running  along  north  of 
the  gabbro  area,  its  line  of  direction  being  rudely  parallel  with 
the  north  limit  of  the  gabbro.  A  general  representation  of  the 
geographic  areas  of  the  various  formations  was  attempted  on  a 
colored  geological  map  of  the  northeastern  part  of  the  state. 
The  gabbro  was  found  to  have  extended  so  far  north  as  to  have 
covei*ed  from  sight  the  line  of  strike  of  the  Animike  (p.  381) 
and  to  have  come  into  contact  with  the  older  syenite  (pp. 
347-49).  It  was  intimated  that  the  Animike  formation 
overlay  one  eruptive  rock  and  underlay  the  other,  and  that 
it  seemed  to  embrace  the  Ogishke  Muncie  conglomerate  in  its 
lower  portion  (p.  381).  The  entire  eruptive  rock  was  found  to 
be  in  some  places  a  remarkable  agglomerate,  and  in  various  ways 
to  become  changed  to  greenish  schists,  chloritic  and  sericitic, 
and  to  embrace  in  its  mass,  generally  in  a  manner  of  unconform- 
ity, the  jaspilyte  and  iron-ore  of  the  Vermilion  lake  region.  At 
the  same  time  this  green  rock  exhibited  at  times  very  mani- 
festly some  signs  of  aqueous  stratification;  at  other  times  no  such 
structure  could  be  found  in  it,  and  it  merged  into  a  dense,  homo- 
geneous, massive  doleryte.  The  gray wackes  which  are  in  this 
greenstone  formation,  ^e  out  by  merging  into  its  evidently 
eruptive  condition,  but  in  many  places  are  purely  sedimentary, 
having  much  quartz  as  rounded  grains  and  pebbles,  arranged  in 
sedimentary  layers. 

The  mica-schist  belt  which  was  shown  to  be  stratigraphically 
below  the  graywacke-greenstone  horizon  was  named  YermUian 
group,  or  series.    It  was  said  to  merge  into  the  gneisses  below 
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sometimes  oonformably  and  at  others  to  be  united  with  them 
through  a  series  of  matually  intersecting  dikes,  the  gneissic  rock 
penetrating  the  schists,  in  their  original  condition ,  probably 
of  a  basic  eruptive,  and  the  latter  also  cutting  the  contiguous 
gneissic  masses.  These  rocks  are  both  also  cut  by  basic  dikes  of 
later  origin  (pp.  290-296). 

The  lowest  rock  seen  was  described  as  gneiss;  but  at  the  same 
time  the  gneissic  structure  was  found  to  not  always  prevail.  This 
lowest  rock,  which  was  accepted  as  Laurentian,  is  not  only  some- 
times massive,  but  it  is  either  granite  or  syenite,  i.  e.  the  dark 
mineral  is  sometimes  mica  and  sometimes  hqrnblende,  or  both  at 
the  same  time. 

The  granites  and  syenites  were  not  all  put  into  the  same 
stratigraphic  horizon.  The  "fundamental  gneiss,''  which  man- 
ifestly lay  below  the  mica-schist  horizon,  occupies  a  distinctly 
marked  stratigraphic  place.  Such  is  that  seen  at  the  northwest 
end  of  Vermilion  lake.  Not  to  mention  the  red  syenite  which  is 
intimately  associated  with  the  gabbro,  and  is  certainly  of  the  same 
date,  in  its  present  condition,  as  the  gabbro,  a  further  distinction 
was  introduced  by  which  the  rock  of  the  Giant's  range,  where  the 
range  consists  of  a  narrow  and  abrupt  ridge  of  granite  rock,  is 
separated  from  the  age*  of  the  Laurentian,  and  is  shown  to  be  the 
result  of  local  change  in  some  bedded  sediments  probably  later 
than  the  Laurentian — a  change  that,  beginning  with  a  partial 
crystallization  of  the  beds  in  situ  by  which  fine  grained,  red- 
weathering  syenite,  not  distinctly  individualized  as  to  its  min- 
eral constituents,  was  produced,  and  continued,  under  the  action 
of  the  same  dynamic  forces,  whatever  they  are,  till  a  perfect 
fusion  andsubsequent  extrusionand  re-crystallization  of  the  same 
matter  were  enacted.  This  was  discussed  and  roughly  illus- 
trated on  pp.  347  and  349.  Some  of  the  distinct  observations  are 
recorded  on  pp.  352  and  353.  The  cause  of  this  fusion  of  the  sedi- 
mentaries  was  supposed  to  be  the  great  eruptive  epoch  of  the 
gabbro;  and  this  red  syenite  is  made  the  parallel  of  the  "red 
rock"  of  the  earlier  reports,  the  red  quartz  porphyry  and  the 
"paUsade  rock  "  of  the  lake  Superior  shore.  The  gabbro  is  not 
present,  however,  in  all  places  where  this  fusion  has  resulted  in 
extrusion  of  the  acid  molten  rock,  although  it  is  nearly  adjacent, 
or  actually  overlies  the  acid  rock  in  many  places.  In  the  report 
this  change  in  the  ancient  sediments  is  attributed  to  the  contact 
of  the  molten  gabbro  on  them,  but  there  may  be  and  probably 
are,  many  places  where  the  extruded  acid  rock  came  from  tsome 
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greater  depth,  though  yet  within  the  super-cmst,  and  its  fdsion 
and  extrusion  may  not  be  attributed  to  immediate  effect  of  con- 
tacting gabbro,  but  must  be  supposed  to  be  only  a  part  of  a  wide- 
spread and  deep-seated  metamorphic  action  that  affected  the 
region  and  culminated  in  extruded  molten  rock  only  along  those 
lines  where  the  dynamic  action  was  most  intense.  Such  a  line  of 
intense  activity  seems  to  be  marked  by  the  location  of  the  nar- 
row ridge  known  as  the  Giant's  range,  at  least  south  and  south- 
westward  from  Birch  lake. 

Xhe  sixteenth  report,  1887. 

The  results  of  systematic  stratigraphy  contained  in  the  six- 
teenth report,  while  varying  somewhat  from  those  of  the  fifteenth, 
in  the  main  are  concordant  therewith.  They  were  drawn  from 
a  special  reconnoissance  of  the  region  of  the  typical  Huro- 
nian,  north  of  lake  Huron,  and  a  comparison  of  the  results  of 
that  reconnoissance  with  a  re-examination  of  the  so-called  Huro- 
nian  of  the  Marquette  and  Oogebic  iron  regions  of  Michigan, 
united  with  previous  knowledge  of  the  region  of  northeastern 
Minnesota.  In  some  of  these  results  my  brother  an^  myself  are 
not  quite  in  concord,  but  these  differences  appertain  solely  to  the 
possible  parallelisms  of  some  Michigan  and  Wisconsin  formations 
with  some  in  northern  Minnesota,  and  on  making  further  field 
examinations  and  research  into  the  comparative  lithology  they 
may  disappear  entirely.  In  the  following  summary  only  those 
systematic  results  that  are  in  harmony  with  the  writer's  convic- 
tions are  stated,  with  some  foot-notes  that  call  attention  to 
interpretations  that  are  entertained  by  my  brother. 

The  name  Huronian,  if  used  at  all,  should  be  applied  only  to 
the  strata  that  were  first  included  under  the  term  when  it  was 
introduced  and  defined,  and  to  their  stratigraphic  equivalents  in 
other  parts  of  the  country.  The  English  geologists  do  not  recog- 
nize the  formation  in  the  British  Isles,  but  include  the  strata 
that  are  presumably  included  under  this  term  by  the  Canadian 
geologists,  in  the  term  Lower  Cambrian,  which  embraces  the 
Primordial  fauna.  The  definition  of  the  Huronian  which  has 
been  accepted  is  that  of  Logan,  based  mainly  on  the  observations 
of  Murray  in  the  region  north  of  lake  Huron,  republished  in 
the  "Geology  of  Canada,"  1863.*    With  this  understanding  the 

*  It  is  well  known  that  the  CantdUn  geologists  have  later  extended  the  term  widely  be* 
yood  ita  typical  r^on,  and  amplified  its  ligniflcance,  so  as  to  make  it  cover  all  the  schists  down 
to  the  gneisses  of  the  Laarentian.  Recently,  however,  Dr.  A.  C.  Lawson  has  separated  these 
eciiists  from  the  proper  Haronian,  and  has  designated  a  part  of  them  Keewatln.  "  Report  on 
the  geology  of  the  lake  of  the  Woods  region."    An.  Rep.  1885,  Can.  Sur. 
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sixteenth  report  shows  an  effort  to  trace  the  original  Hnronian 
formation  through  Michigan  and  Wisconsin  to  Minnesota,  and 
to  ascertain  the  Minnesota  equivalents  of  some  of  the  minor 
•divisions  of  the  crystalline  rocks  older  than  the  Hnronian. 

The  Hnronian,  in  its  typical  locality,  embraces  three  principal 
members. 

1.  Bed  and  white  quartzyte,  granular  and  sometimes  con- 
^lomeritic. 

2.  Slate  and  g^y  quartzyte,  sometimes  conglomeritic,  mak- 
ing a  conglomeritic  slate,  or  '^  slate  conglomerate." 

3.  Very  fine-grained  gray  or  white  quartzyte. 

These  are  fragmental,  and  show  every  character  that  is  known 
to  indicate  sedimentary  origin.  The  formation  embraces  no 
mica-homblendic  schists,  no  sericitic  schists,  no  typical  gray- 
wackes,  no  gneiss  or  gneissic  rock.  The  beds  dip  with  uniformity 
toward  the  south,  are  cut  by  doleritic  intrusions  and  are  over- 
lain by  the  products  of  such  eruption.  They  lie  unconformably 
on  a  *^ gneiss"  which  is  admitted  to  belong  to  the  Laurentian, 
from  which  the  formation  received  many  and  conspicuous  boul- 
ders. The  thickness  of  the  formation  may  be  as  great  as  ten 
thousand  feet.  There  is  considerable  evidence  to  show  that  the 
upper  quartzyte  lies  unconformably  on  the  slates  and  slaty  con- 
glomerate, although  there  was  no  actual  observation  of  such  a 
relation.  The  formation  also  embraces  red  felsytes  and  some 
.gray  gabbro. 

Broadly  parallelized  this  is  recognized  at  once  as  the  Animike 
of  Minnesota,  embracing  in  that  term  the  gabbro  and  ^^red 
rock"  Mesabi,  the  Pewabic  quartzyte,*  the  black  slates  and 
■gray  quartzytes  and  the  Ogishke  conglomerate.  At  the  same 
time  the  upper  quartzyte  is  provisionally  parallelized  with  the 
true  New  York  Potsdam  sandstone  quartzyte.**  This  quartzyte 
with  its  Potsdam  characters,  including  a  primordial  fauna,  is 
found  to  exhibit  characteristic  outcrops  in  Barron  county,  Wis- 
<consin,  southern  Minnesota,  southeastern  Dakota  as  well  as  in 
New  York,  and  in  Vermont  where  it  eariy  received  the  designa- 
tion ''granular  quartz." 

Subsequently  this  unconformable  quaitzyte  was  traced  through 
the  Marquette  iron  region  of  Michigan,  and  its  unconformity  on 
the  iron-bearing  rocks  was  observed  and  figured  at  two  points. 

The  iron-ore  rocks  of  the  region  of  Marquette  are,  in  the  16th 

*  For  a  dMeription  of  the  Powablc  quartzyte  aee  p.  86, 16th  report. 

**  Compare  "A  great  primordial  quartayte.**  American  Geologist,  March,  1888. 
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report,  made  the  parallel  of  those  of  Yermilion  lake  in  Minne- 
sota, and  hence  a  part  of  the  Keewatin  which  underlies  nncon- 
formably  the  Hnronian.  The  dioritic  groap  and  the  gold-bearing- 
serpentine  group  of  Dr.  C.  Bominger  are,  together,  made  the 
equivalent  of  the  sericitic  series  (i.e.,  the  Keewatin)  of  Minnesota, 
embracing  in  that  the  schists  that  hold  the  jaspilyte  at  Tower, 
the  conglomerate  of  Stuntz  island,  the  Kawasachong  rock,  the 
green  conglomerates  ?at  Ely,  the  lower  portion  of  the  great  con- 
glomerate at  Ogishke  Muncie  lake,*  the  dolomyte  at  Ogishke 
Muncie  lake,  and  the  '^greenstone  belt,''  in  general,  of  the  map 
accompanying  the  15th  report.  This  series  of  rocks  is  not 
found  in  the  area  of  the  original  Huronian. 

The  iron-bearing  rocks  of  the  Penokee-Gk)gebic  range  of  Michi- 
gan and  Wisconsin,  however,  are  not  considered  to  be  in  the  same 
formation  as  those  at  Yermilion  lake.  They  are  made  to  be  the 
equivalent  of  the  slates  and  iron-bearing  rocks  of  the  Animike 
of  Minnesota,  and  hence  of  the  true  Huronian.  The  evidence  of 
this  need  not  be  repeated  at  this  place,  although  it  is  not  expressed 
fully  in  the  report  here  summarized.  It  will  be  given  more  fully 
in  a  later  chapter  in  this  report,  t 

An  iniportant  point  was  reached,  in  the  16th  report  (pp.  97- 
98),  in  the  separation  of  the  Ogishke  conglomerate  from  the 
greenstone  agglomerate  on  which  in  some  places  it  must  lie 
unconformably.  They  seem  to  have  both  been  affected  by  the- 
gabbro  epoch  of  disturbance,  and  the  gabbro  was  found  in  dif- 
ferent localities  to  lie  on  the  gently  inclined  strata  of  one  and 
the  nearly  vertical  strata  of  the  other. 

Facts  confirmatory  of  the  origination  of  crystalline  acid  erup- 
tive rock,  both  in  situ  and  in  form  of  overflow,  from  fragmenta) 
strata,  as  before  reported  in  the  15th  report,  are  given  again  on 
pp.  104-108  in  the  16th.  These  fragmental  strata  seem  to  be 
some  part  of  the  Keewatin,  and  were  originally  conglomeritio. 

Bearing  on  the  question  of  the  age  of  the  gabbro-red-rock 
flood,  which  is  taken  by  the  Wisconsin  geologists  to  be  the  base 
of  the  Kewenawan,  or  Cupriferous,  of  the  lake  Superior  region, 
some  facts  were  reported  in  the  16th  report  (pp.  85,  87,  88)  which 
show  that  the  gabbro  began  to  be  extruded  during  the  deposition 
of  the  great  quartzyte  which  o\rerlies  the  Animike,  and  that  the^ 
great  mass  of  the  gabbro  is  of  not  much  later  date,  i.  e.,  of  the  age 

*  My  brother,  however,  regards  the  Keewatin  schists  as  beariofc  no  relation  to  the  Serpentine^ 
group  of  Rominger.    See  p.  343. 

w 

t  On  the  other  hand  my  brother  is  disposed  to  regard  the  Gogebic  ore-bearing  rocks  as  having 
about  the  same  horizon  as  those  at  Marquette,  which  he  does  not  admit  within  the  Huronian;  (pp^ 
188  and  194).    The  Penokee  rocks,  however,  he  would  make  Uuronian. 
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of  the  primordial  qaartzyte  of  the  Northwest  which  is  considered 
to  be  of  the  age  of  the  Potsdam  of  New  York  and  the  '*  Granular 
Quartz  "  of  the  Taconic. 

2.      THE  VARIOUS  STEPS  OF  PROGRESS. 

If  we  revert  now  to  the  list  of  problems  that  were  unsolved 
touching  the  crystalline  rocks  of  the  state  in  1872,  when  this  in- 
vestigation began,  we  shall  see  that,  by  the  aid  of  the  geologists 
of  Wisconsin  and  Michigan,  great  advance  has  been  made  in 
settling  some  of  the  questions  then  pending. 

1.  The  uncertainty  respecting  the  possibility  of  making  a 
stratigraphical  subdivision  of  the  "Azoic"  of  Foster  and  Whit- 
ney, or  the  **'Arch86an"  of  J.  D.  Dana,  exists  no  longer.  There 
is  a  more  or  less  extended  subdivision,  sometimes  into  only  two 
parts  but  more  frequently  into  three  or  more,  which  is  accepted 
not  only  by  the  geologists  of  the  Northwest  but  by  geologists 
who  are  at  work  on  this  group  of  rocks  throughout  America  and 
Europe.  So  ^ar  as  Minnesota  is  concerned  this  subdivision  can 
be  carried  still  further,  and  six  members  of  the  "Azoic"  (if  the 
Huronian  be  included  in  it)  can  be  described  which  maintain  a 
constancy  of  character  and  stratigraphic  position  extending  into 
Wisconsin,  Michigan  and  Canada,  such  that  they  have  to  have 
individual  description. 

2.  The  terms  Huronian  and  Laurentian  were  applied  to  two  of 
these  parts  by  the  Canadian  geologists.  Though  misunderstood, 
by  reason  of  the  contradictory  and  varied  definitions  that  have 
been  given  these  terms  by  geologists  later  than  the  descriptions 
of  Murray  and  Logan,  when  they  are  compared  with  the  typical 
regions  in  Canada  they  are  found  to  have  definite  and  easily 
recognizable  application  to  stratigraphical  horizons  which  are 
extended  over  the  whole  Northwest,  if  not  over  the  world. 

The  Huronian  formation  is  satisfiaxitorily  established  as  the 
equivalent  of  the  Lower  Cambrian  of  Sedgwick.  This  con- 
clusion is  not  wrought  out  in  any  of  the  annual  reports  of  the 
Minnesota  survey.  It  is  an  inference,  however,  from  two  other 
facts  which  have  been  indicated  in  the  foregoing  synopsis  of  the 
Minnesota  annual  reports,  and  it  has  been  urged  elsewhere  by 
the  writer.  These  two  facts  when  united  constitute  a  demon- 
stration as  incontestable  as  any  mathematical  formula,  viz.: 

The  Lower  Cambrian  is  equal  to  the  Taconic, 

The  Huronian  is  equal  to  the  Taconic, 

ergo  ' 

The  Lower  Cambrian  is  equal  to  the  Huronian. 
VoL  III— 4. 
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We  shall  not  stop  here  to  bring  forward  anew  the  evidenoes 
•on  which  these  premises  are  based,  bnt  will  proceed  to  mention 
other  advances  that  have  been  made  since  1872  in  a  knowledge 
of  the  crystalline  rocks  of  the  Northwest.* 

4.  The  foregoing  conclusion  involves  premises  which  them- 
selves were  doubtful  in  1872,  and  which,  in  the  opinion  of  the 
writer,  are  sufficiently  established  to  be  admitted  as  truths.  The 
^rst  is,  that  the  Huronian  of  the  Canadian  geologists  is  the  same 
formation  which  was  named  Taconic  by  Dr.  Emmons  of  the  New 
York  geological  survey.  It  makes  no  difference  except  in  the 
greater  difficulty  involved  in  making  this  fact  appear  to  the  sat- 
isfaction of  geologists,  how  long  and  how  honestly  the  Huronian 
has  been  sustained  by  competent  geologists,  nor  how  long  the 
Taconic  has  been  as  honestly  ignored  by  the  majority  of  opinion; 
if  these  names  were  actually  applied  to  the  same  formation,  the 
sooner  it  be  acknowledged  by  American  geologists  and  the 
proper  adjustment  be  made  in  nomenclature,  the^ better  it  will 
be  for  American  geology  and  the  credit  of  American  geologists. 

5.  The  other  doubtful  premise  involved  in  the  conclusion  (3) 
above  mentioned,  can  be  considered  doubtful  no  longer,  viz.: 
The  Lower  Cambrian  is  the  equivalent  of  the  Taconic.  There 
are  some  who  bring  trifling  objections  to  the  actuality  of  the 
Taconic  at  the  horizon  of  the  Lower  Cambrian,  but  the  evidence 
is  so  strong  and  is  based  on  so  large  a  mass  of  concurrent  fact 
and  testimony  that  it  is  practically  demonstrated. 

6.  The  Animike  rocks  having  been  shown,  first  by  Prof.  B. 
D.  Irving,  and  subsequehtly  by  the  Minnesota  survey,  to  be  the 


*  On  the  identity  of  the  Lower  CambrUn  with  the  Taoonlc,  see  the  writer's  papers: 

Notes  on  classification  and  nomenclature.    Amer.  NtUuralitt^  August,  1887. 

Some  objections  to  the  term  Taconic  considered.    Atner,  OeologM,  March,  1888. 

A  great  primordial  quartzyte.    Amer,  Geotoj^M,  March,  1888. 

Report  of  the  American  sub-committee  on  the  Lower  Paleozoic,  to  the  London  International 
-Congress  of  Geologists.    Amer.  Oeologist,  September,  1888;  also  the  report  of  the  Congress. 

The  same  view  has  long  been  held  by  Jules  Maroou,  J.  Barrande,  and  bj  Dr.  E.  Emmons,  and 
bj  other  geologists  later.  Compare  S.  A.  Miller.  The  Taconic  system  as  established  by  Emmons 
and  the  lawaof  nomenclature  applicable  to  it.  Amer.  Oeologielf  April,  1888.  Also  A.  WincheU. 
The  Taoonic  question.  Amer.  Geologisf,  June,  1888.  C.  D.  Walcott.  Bulletin  No.  80,  U.  8.  Oeol. 
A«rt>ey,  and  il m«r.  Jour.  &ri.,  March,  April  and  May,  1888.  Mr.  Marcou's  principal  papers  are: 
The  Taoonic  system,  and  its  position  In  stratigraphic  geology.  Proc.  Am.  Acad.  Arts  and  8ei., 
Vol.XII,  1864.    American  geological  classification  and  nomenclature.  May,  1888. 

On  the  identity  of  the  Huronian  with  the  Taconic ;  see,  The  crystalline  rocks  of  the  North- 
-west,  N.  H.  Winchell, rice-presidential  address,  A.  A.  A. S.,  1884.  At  a  much  earlier  date  the  same 
Tiew  was  held  by  E.  Emmons,  and  by  J.  Marcou.  It  has  also  been  stated  by  A.  Winchell  in  the 
;16th  report,  p.  170. 
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equivalent  of  the  original  Hnronian,  it  follows  that  they  are 
also  the  equivalent  of  the  Taconic  and  of  the  Lower  Cambrian, 
and  belong  within  the  primordial  zone  of  Barrande,  although 
the  distinctive  fauna  of  the  primordial  has  not  yet.been  found  in 
the  typical  Animike  region. 

7.  The  Laurentian  rocks,  of  the  Canadian  geologists,  are 
divisible  into  three  parts,  having  different  genesis  and  age.  This 
fact  has  not  been  recognized,  so  far  as  the  writer  is  aware, 
except  by  the  Minnesota  survey.  These  three  classes  of  Lauren- 
tian (because  they  have  all  been  so  styled  by  the  Canadian  geolo- 
gists) have  been  separately  recognized  by  different  geologists, 
both  Canadian  and  American,  and  conflicting  inferences  have 
been  drawn  from  them,  which  have  tended  to  unsettle  the  whole 
foundation  on  which  the  Laurentian  rests.  Bome  have  seen 
valid  reasons  for  supposing  the  Laurentian  older  than  the  '^Hn- 
ronian" and  conformable  with  it,  and  have  given  the  details  of 
the  facts  which  show  it.  But  others  have  seen  another  class  of 
evidence,  equally  valid,  that  tends  to  make  the  '^ Laurentian" 
rocks  of  eruptive  origin  and  more  recent  than  the  Hnronian. 
And  again  some  similar  syenitic  rocks  have  been  described  by  * 
the  Minnesota  survey*  mingled  in  great  masses  and  areas  with 
the  Mesabi  gabbro.  These  three  classes  have  been  observed  and 
described  in  Minnesota,  as  rehearsed  in  the  foregoing  synopsis  of 
the  Minnesota  work.  It  is  believed  that  these  distinctions  are 
fundamental,  and  that  they  extend  throughout  the  Northwest, 
and  that  when  they  are  recognized  generally  by  observers  many 
of  the  apparent  discrepances  that  have  been  noted  respecting  the 
Laurentian  will  disappear. 

8.  The  Laurentian,  then,  is  easily  divisible  into  three  parts, 
but  it  would  not  be  claimed,  probably,  by  any  one,  that  the  same 
stratigraphic  term  should  be  applied  to  them,  and  the  question 
may  fairly  be  considered  to  which  of  them  does  it  belong. 

Besides  the  subdivision  of  the  '^ Laurentian"  into  three  parts, 
as  above  noted,  a  different  separation  has  been  recognized  by 
some,  viz. :  into  gneiss  and  crystalline  schists,  on  the  assumption 
that  the  original  Laurentian  contained  such  schists.  This  is  a 
necessary  and  valid  subdivision,  from  that  point  of  view,  and 
was  adopted  by  Prof.  E.  D.  Irving.  It  is  also  approved  by  my 
brother,  A.  Winchell,  in  the  16th  report. 

9.  The  ''  Laurentian"  is  therefore  partly  the  result  of  change 


*It  MemB  Tery  Ukelj  that  thU  so-called  Laareotlan  has  also  b«en  described  in  Canada  in  the 
regions  where  the  eniptire  gabbro  is  found. 
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im  mtu  from  old  fiedimentoiy  stralaof  Laiirentuui  age,  and  partly 
the  result  of  eruptive  forees  whieh  hare  caused  au  extrusiou  and 
partial  overflow  over  later  sedimentaiy  strata  of  some  of  the 
Cased  material^of  the  same  old  stiata.  Such  extrusion  has  taken 
pla4^  at  least  at  two  epochs,  and  the  later  one  is  of  the  age  of  the 
gabbro  and  may  have  not  risen  from  so  great  a  depth  as  the 
former 

10.  For  reasons  whieh  have  been  mentioned  elsewhere^  it 
appears  that  by  hydro-thermal  fusion  the  deep-seated  sediments 
of  the  super-crust  became  crystalline ;  also  that  the  normal  super- 
crust  is  necessarily  acidic;  also  that  any  eruption  from  the  fused 
portions  of  the  super-crust  would  not  only  produce  an  acid  erup- 
tive rock  when  cooled,  but  that  in  the  later  history  of  the  earth 
(Cretaceous  and  Tertiary)  such  acid  extrusions  could  rarely  if 
ever  reach  the  surface  of  the  earth,  but  would  form  lacoolites 
amongst  the  strata  overlying  the  zone  of  complete  fluidity. 

3.  The  ebsultb  of  the  investigation  so  fab  as  they 
appear  at  pbesent. 

If  these  steps  of  progress  be  applied  specifically  to  the  crys- 
talline rocks  of  the  state,  we  shall  find  some  such  history  as  the 
following  delineated  therein  with  greater  or  less  distinctness. 

The  Laurentian  age. 

The  name  Laurentian  is  applied  here  essentially  to  the  '^  funda- 
mental gneiss."  It  does  not  go  so  far  back  as  to  include  the  first 
rigid  primeval  crust  that  formed  from  cooling  nor  so  far  subse- 
quent to  it  as  to  embrace  any  noteworthy  strata  of  basic  minerals 
that  might  indicate  a  formation  different  in  natare,  or.  manner 
of  genesis  from  the  gneiss.  In  other  words  it  does  not  include 
the  ^^crystalline  schists."  The  rock  is  essentially  gneiss,  either 
granitic  or  syenitic.  It  resulted  from  the  fusion  and  recrystalli- 
nation  of  the  earliest  sediments.  It  occupied  a  long  period,  and 
one  that  must  have  been  marked  by  profound  quiet,  and  by  uni- 
form conditions.  The  siliceous  accumulations  that  were  the 
product  of  oceanic  waves  and  beaches,  began  in  the  shoal  parts 
of  the  ocean  and  widened  as  the  dry  land  increased  in  area,  form- 
ing the  nuclei  of  the  continents.  These  sediments  must  have 
been  siliceous,  l>ecause  such  only  would  remain  undissolved  by 
the  hot  and  finally  alkaline  waters  of  the  ocean.     When  they 

*<^mp»re  "Soma  thoughta  on  eruptive  rocks  with  special  reference  to  those  of  Minnesota.'" 
K.  U,  Winohell,  A.  A.  A.  8.,  18S8. 
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liad  accumulated  to  a  great  thickness  they  were  buried  under 
sediments  of  another  kind,  those  of  the  '^crystalline  schists," 
marking  the  opening  of  another  epoch  in  geological  time. 
Wherever  they  had  been  raised  above  the  level  of  the  ocean 
they  constituted  the  only  land  areas  that  existed,  and  perhaps 
till  this  day  those  areas,  or  some  of  them,  have  not  again  been 
43ubmerged. 

IHstrilmtian  of  the  LaurerUian  in  Minnesota.  A  large  part  of 
Minnesota  is  occupied  by  this  fundamental  gneiss.  It  is  not  to 
be  supposed  that  all  the  area  now  occupied  at  the  surface  by 
this  gneiss,  was  originally  the  land  area  of  the  state  at  the  time 
of  the  close  of  the  Laurentian  age.  The  lapse  of  time  has 
brought  the  earth  through  many  vicissitudes.  The  original  area 
9f  the  Laurentian  has  been  increased  at  the  surface  by  the  growth 
of  the  continent  which  has  steadily  expanded  and  risen  higher 
above  the  ocean's  level.  As  the  later  strata  have  successively 
been  elevated  to  dry  land  they  have  been  subjected  to  such 
destructive  action,  first  of  the  ocean's  beach-line,  and  afterward 
by  the  agency  of  the  atmosphere,  that  they  have  been  worn  back 
and  have  uncovered  the  gneiss  over  extensive  areas  where  it  was 
■at  first  hid. 

In  Minnesota  this  gneiss  must  have  extended  diagonally  across 
the  state  from  N.  E.  to  8.  W.,  crossing  the  Mississippi  river 
and  occupying  the  region  of  its  headwaters  about  Itasca  lake, 
and  including  the  region  of  the  upper  waters  of  the  Minnesota 
river.  There  may  be  spots,  or  considerable  areas,  within  this 
original  gneissic  belt,  where  by  subsequent  deep-seated  hydro- 
thermal  fusion  these  primitive  Laurentian  sediments  have  been 
rendered  plastic  and  then  fluid,  and  have  by  pressure  been  ex- 
truded through  fissures  in  the  crust  to  the  surface,  or  have  been 
uncovered  as  laccolites  by  the  destruction  of  the  overlying  strata; 
but  wherever  these  exist  they  are  presumed  to  show  their  later 
origin  by  their  non-gneissic  structure,  or  by  their  overlying  some 
later  sedimentary  strata.  The  distinction,  however,  between 
the  eruptive  condition  of  the  fused  Laurentian  sediments,  and 
the  primitive  sediments  that  have  been  converted  in  situ  into  the 
fundamental  gneiss  is  one  that  requires  more  study  before  it  can 
be  defined.  That  both  conditions  exist  there  is  no  question; 
that  they  can  always  be  distinguished  is  not  to  be  af3rmed. 

This  Laurentian  gneiss  is  represented  by  the  Basswood  lake 
and  perhaps  the  Saganaga  lake  granites,  and  probably  by  the 
l^eisses  that  are  found  in  the  Minnesota  valley  from  near  Morton 
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northwest  to  Big  Stone  lake.  Northwestwardly  from  the  Bass- 
wood  area  are  others  of  similar  gneiss,  which  have  their  exten- 
sion northeast  and  southwest,  nearly  parallel  with  the  extension 
of  the  other  areas.  Indeed  the  geographic  distribution,  no  less 
than  the  geological  facts  that  are  observed  in  the  field,  favors 
the  supposition  that  these  alternating  gneissic  belts  in  the  north- 
western part  of  the  state  show  either  simply  the  denuded  crests 
of  stratigraphic  anticlinals  or  of  upward  swells  of  the  iso-hydro- 
thermal  fusion  that  has  affected  the  ancient  Laurentian  sedi- 
ments. This  question  is  one  that  requires  further  investigation. 
It  is  referred  to  again  under  the  head  '^ Problems  still  un- 
solved." 

Eruptive  Syenite.    Closely  associated  with  these  belts  of  funda- 
mental gneiss  are  areas  of  massive  eruptive  syenite.    It  is  a  for- 
tunate circumstance  that  the  apex  of  one  of  the  anticlinals  of  the 
gneiss  runs  near  the  present  natural  surfaice,  and  its  manner  of 
transition  from  sedimentary  to  crystalline  rock  can  be  observed. 
It  would  be  more  consistent  with  the  tilted,  even  vertical,  por- 
tion of  the  beds  at  the  points  where  this  transition  has  been 
observed,  to  suppose  the  change  was  due  to  the  varying  depths  at 
which  planes  of  equal  hydro-thermal  fusion  ran  below  the  sur- 
face at  the  time  it  took  place,  than  to  suppose  it  is  due  to  an 
actual  undulation  in  successive  anticlinals  of  the  same  strati- 
graphic  horizon.    This  favorable  apex  for  observing  the  genesis 
of  gneiss  is  in  the  line  of  the  gneissic  belt  that  runs  southwest- 
ward  from  the  west  end  of  Ounflint  lake,  and  which  apparently 
is  continued  in  the  form  of  erupted  syenite  in  the  Giant's  range 
southwestward  from  Birch  lake.    It  was  observed  particularly 
on  the  Kawishiwi  river  (15th  report,  p.  353)  and  about  the  south 
shore  of  lake  Kekekebic  (15th  report,  p.  367;  16th  report,  p. 
103-107).     Whether  that  part  of  this  gneissic  belt  which  is 
referable  directly  to  a  change  in  situ  in  sedimentary  materials  be 
of  the  same  age,  i.  e.,  on  the  same  stratigraphic  horizon  within 
those  sediments,  as  others  that  exist  further  northwest  or  not, 
they  are  here  considered  to  belong  to  the  Laurentian  age  in  sa 
far  as  they  have  not  been  entirely  fused  and  extruded  in  a  liquid 
state  so  as  to  form  erupted  rock. 

It  has  already  been  remarked  that  the  erupted  massive  form 
of  the  acid  Laurentian  is  closely  associated  geographically  with 
the  gneissic.  Whether  they  were  of  contemporaneous  origin  is 
not  certain.  But  that  the  erupted  condition  was  in  some  cases 
produced  subsequent  to  the  age  of  the  ^'crystalline  schists"  is. 
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evident  from  the  fact  that  such  rock  replaces  and  cats  those 
schists.  This  fact  has  been  recorded  many  times.  One  of  the 
most  remarkable  replacements  of  the  dark  schists  by  the  bodily 
transference  of  syenite  is  seen  north  of  Onnflint  lake,  and  is 
described  and  mapped  by  Mr.  Grant  in  this  (17th)  report.  That 
some  other  areas  of  syenite  were  of  considerably  later  date,  pos- 
sibly so  late  as  to  have  flowed  over  the  Keewatin  (greenish,  or 
hydro- mica)  schists  is  indicated  by  observations  made  by  H.  Y. 
Winchell  along  the  Giant's  range  sonthwest.from  Birch  lake,  and 
by  myself  on  the  shores  of  Kekekebiclake,  where  a  conglomerate 
porphyroidal  rock  passes  into  gneiss,  and  directly  overlies  some 
Keewatin  schists.  That  other  of  the  empted  syenites  of  the  state 
are  as  late  as  the  gabbro,  and  hence  overlie  the  Animike,  is 
shown  not  only  by  the  syenites  associated  in  mutually  inter- 
molten  sheets  with  the  eruptive  gabbro  that  overlie  the  Ani- 
mike, but  also  by  the  observations  mdde  at  the  Aurora  mine  in 
Michigan  (16th  report,  pp.  58  and  187).  This  is  indicated  also 
by  the  observations  and  conclusions  of  Maj.  T.  B.  Brook6  and  by 
Dr.  C.  Bominger  in  respect  to  the  age  of  some  of  the  granite  rocks 
of  Michigan.* 

The  age  of  the  Vermilion  achistSy  or  ^^  crystaUine  8chi8tsJ^ 

It  has  been  remarked  t  that  the  mineralogical  difference  be- 
between  the  gneisses  and  the  dark  ^'crystalline  schists"  is  so 
great  that  it  is  allowable  to  attribute  to  the  latter  a  different 
method  of  genesis,  one  sufficiently  distinct  to  have  introduced  a 
different  geological  time  or  age.  This  fact  was  recognized  in 
1886,  and  the  rocks  that  mark  the  opening  and  continuance  of 
this  new* epoch  of  time  were  separated  under  the  name  "Ver- 
milion group."  A  similar  series  of  schists  had  been  noted  by 
Lawson  in  the  region  of  the  Lake  of  the  Woods  in  1885,^  but, 
while  separated  by  him  into  two  parts,  viz.,  "Schistose  horn- 
blende rocks,"  and  "mica  schists,"  had  been  by  him  embraced 
under  the  general  term  of  "Keewatin  series,"  and  considered  as 
the  basal  part  of  that  series,  and  assigned  to  extra-Laurentian 
time.    Subsequently  Mr.  Lawson  identified  the  mica-schist  group 

*T*  B.  Brooks,  on  the  youngott  HaroniAn  rocks  sooth  of  lake  Superior.    An^,  Jour.  Set,  (3), 
xi,206. 
Carl  Bomlager.    Otologieal  Survey  ^fMiehigan^  Vol.  IV,  p.  22. 

t  A.  Wincbell. 

X  Report  on  the  geology  of  the  Lake  of  the  Woods  region.     Report  C.  C.  of  the  Canadian  saiw 
Tey,  1889,  pp.  87,04. 


32  SEVENTEENTH  ANNUAL  BEPOBT 

and  the  basal  portions  of  it  (the  hornblendic  schists  and  the 
eruptive  features  that  characterize  the  horizon)  in  the  region 
of  Bainy  lake,  and  has  given  a  description  and  a  name  for  the 
mica  schists,  (^m.  Jowr.  8ci,  Jane,  1887,  p.  473).  He  inclades 
the  mica  schists  under  the  term  Coutchiching,  and  supposes  the 
changed  eruptive  rocks  which  intervene  geographically  between 
them  and  the  belt  of  Laurentian  gneiss  lying  next  north  (along 
the  northern  shores  of  the  southern  part  of  Bainy  lake)  to  be  of 
later  date  than  the  schists. 

A  similar  group  of  mica  and  hornblendic  schists  had  been 
noted  in  Michigan  by  Brooks  and  in  Wisconsin  by  Irving  and 
been  placed  in  the  Laurentian.  Bominger  included  the  same  in 
his  "granitic  group"  (Geol.  Mich.  Vol.  IV,  p.  17-18).  Higher 
in  the  stratigraphic  series,  i.  e.,  between  the  magnesian  soft 
schists  and  the  gneiss  and  gabbro  of  the  post-Huronian  rocks,  ^ 
another  formation  of  mica  schist  was  observed  by  them,  which 
they  placed  near  the  summit  of  the  '•  Huronian."  They  gave 
neither  of  these  any  special  designation.  In  New  Hampshire 
the  "Montalban  series"  is  one  essentially  of  mica  schists,  butf 
whether  it  can  be  parallelized  with  either  of  the  northwestern 
horizons  of  mica  schist  is  a  question  which  the  future  alone  will 
be  able  to  answer. 

Hornblende  schists  converted  to  mica  schists.  To  the  writer,  how- 
ever, the  micaceous  and  the  hornblendic  characters  seem  to  be 
so  blended,  and  the  one  so  frequently  substituted  for  the  other, 
that  the  two  parts  described  by  Mr.  Lawson  appear  to  be  only 
phases  of  the  same  set  of  rocks.  The  hornblendic  condition,  as 
schists,  is  without  doubt  the  fundamental  and  primary  one;  and 
that  one  is  found  nearest  the  gneiss  of  the  Laurentian.  Horn- 
blende is  easily  converted  into  biotite;  biotite  has  so  close  rela- 
tions with  muscovite  that  it  is  sometimes  twinned  with  it  in  the 
same  crystal;  muscovite  is  replaced  both  across  the  bedding  and 
along  the  strike  by  hydro-mica  or  pearl-glimmer,  and  the  last 
passes  insensibly  into  the  talcoid  "Keewatin  stuff"  J  of  the  Kee- 
watin  series.  There  is  a  conformable  succession,  both  genetico- 
mineraJogical  and  stratigraphical,  from  the  hornblende  schist 
through  the  mica  schist  into  the  hydro-mica  schist,  by  which 
these  are  bound  fundamentally  into  one  group,  as  placed  by 

*  Geology  of  Wisconsin,  Vol.  Ill,  1873-79,  pp.  93,  145,  and  Uble  between  pages  436  and 
-437. 

t  Geology  of  New  Hampshire.    C.  H.  Hltohcook,  Vol.  II,  p.  112. 

X  A.  WInchell.   Sixteenth  report,  p.  848. 
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liswson,  and  no  other  sort  of  transition  is  known  or  indicated. 
On  the  other  hand,  bearing  in  mind  the  strong  mineralogical 
break,  or  contrast,  between  the  gneiss  and  the  hornblende  rock, 
there  is  not  so  close  a  mineral  relationship  with  the  Lanrentian. 
There  is  also,  in  some  places,  as  profound  a  stratigraphic  break 
and  non-agreement.  This  is  shown  in  nameroas  descriptions 
and  illustrations  not  only  of  Mr.  Lawson,  bat  also  by  the  15th 
and  16th  reports  of  the  Minnesota  survey.  Mr.  Lawson  empha- 
sizes this  &ct  by  a  remarkable  inference,  viz.,  that  the  Lanren- 
tian is  eruptive  and  of  later  date  than  the  Keewatin  schists.  Not 
to  dwell  on  this  inference  at  this  time  it  is  sufficient  to  call  at- 
tention to  it  to  show  the  probability  of  a  plane  of  profound 
•discontinuity  between  the  Laurentian,  as  here  defined,  and  the 
Termilion  group.* 

Nature  of  the  transition  from  the  Laurentian  to  the  Vermilion. 
As  to  the  nature  of  the  dynamic  agent  which  introduced  this 
•change  in  the  crystalline  rocks  at  this  horizon,  it  is  indicated  by 
the  nature  of  the  rocks  themselves.  Primarily  they  are  charac- 
terized by  the  minerals  that  constitute  a  basic  eruptive.  They 
are  found  to  exist  at  first  as  structureless  knobs  of  dioryte  or 
doleryte.  These  lie  nearest  the  gneiss  (i5th  report,  p.  330). 
They  are  flanked  by  basic  rocks  of  various  modifications,  among 
which  hornblende  schist  is  predominant.  Oradually,  on  reced- 
ing from  these  black  knobs,  a  sedimentary  structure  becomes 
apparent,  and  the  hornblende  is  replaced  partially  or  wholly  by 
black  mica.  At  last  the  rock  is  changed  to  a  nicely  stratified 
mica  schist  which  at  first  is  perhaps  very  dark-colored  and  firm, 
with  little  free  silica,  and  subsequently,  with  an  increase  of  sil- 
ica, is  striped  with  distinct  strata  of  granular  silica.  As  the 
dark  mica  still  further  fades  out  the  mass  is  converted  to  a  fine 
granulyte  or  quartzyte,  or  a  light-colored  mica  takes  its  place 
and  the  whole  passes  into  sericitic  schist  or  graywacke. 

It  is  not  always  the  case  that  all  evidence  of  molten  condition 
is  wanting  at  this  horizon  of  transition  from  the  gneiss.  But 
it  is  very  slight  at  most  of  the  sections  which  have  been  de- 
scribed.* If,  however,  but  a  single  unquestioned  occurrence  of 
eruptive  conditions  be  found  at  this  point  it  is  sufficient  to  war- 
rant the  hypothetical  introduction  of  a  general  eruptive  epoch. 


^Comparv,  A.  Wlnchell ;  15th  Report,  pp.  41,  43,  87,  97, 180:  H.V.WlncheU;  t6th  Beport,  pp. 
407, 416, 417, 419, 450, 4M :  K.  H.  WinchaU ;  lOth  Report,  pp.  291,  388, 349 ;  16th  Report,  pp.  76-77: 
3L  E.  Wftdiironh ;  15th  Report,  p.  831. 

•  CompMe,  howerer,  Uwtoo,  Can.  Rep.  W8ff.    C.  C.  p.  41 ;  Am.  Jour.  Soi.  Jone,  1887,  p.  ATT, 
VoL  III— 5. 
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■ 

SO  widespread  as  to  constitute  a  change  from  one  system  of  rocks- 
to  another.  No  one  can  read  the  descriptions  given  by  Mr. 
Lawson,  or  some  of  those  contained  in  the  15th  and  16th  reports- 
of  the  Minnesota  survey,  without  recognisdng  not  only  one  x>oint- 
but  numerous  points  where  eruptive  characters  are  stamped  at 
this  horizon  not  only  on  the  basic  rocks  of  the  Vermilion  but 
also  on  those  of  the  acidic  ^'Laurentian."  They  mutually  inter- 
penetrate each  other  in  the  form  of  transverse  dykes  and  muta- 
ally  embrace  isolated  fragments  separated  each  from  the  other. 
It  seems  to  be  abundantly  demonstrated  that  some  sort  of 
dynamic  change  was  introduced.  The  only  inference  that  such 
a  demonstration  points  to,  in  the  light  both  of  the  contrasted 
lithology  and  the  interrupted  stratigraphy,  is  that  of  volcanic 
action. 

Ebkving  now  &irly  stated  the  nature  of  the  change  which  is 
presumed  to  set  off  the  Vermilion  rocks  from  the  Laurentian,  it 
is  necessary  to  consider,  further,  whether  the  gradual  and  con- 
formable conversion  of  the  Laurentian  beds  into  the  Vermilion,. 
auoh  as  has  been  seen  at  many  places,  and  which  indeed  is  the 
most  frequent  manner  of  transition,*  is  consistent  with  the 
hypothesis  of  an  epoch  of  eruption.  It  should  be  remembered 
that  the  beds  do  not  now  hold  the  position  they  had  when  they 
were  deposited.  They  stand  now  nearly  vertical.  While  this^ 
upturning  facilitates  the  deciphering  of  their  history,  it  has  been 
accompanied  by  such  changes  in  the  crystalline  condition  of  their 
elements  that  a  screen  that  partially  conceals  their  history  has 
been  thrown  over  them  all;  yet  through  this  screen  can  be  seen 
the  outlines  of  their  historic  and  dynamic  genesis. 

Admitting  the  actuality  of  a  period  of  volcanic  action  at  the 
opening  of  the  Vermilion  age,  it  is  evident  that  the  eruptions 
would  take  place  only  at  centers  of  intensity  of  pressure.  Once 
located,  such  vents  would  for  longer  or  shorter  periods  continue 
to  send  forth  the  eruptive  matter.  In  the  presence  of  the  almost 
world-covering  ocean  these  materials  would  be  at  once  distri^ 
buted,  dissolved,  deposited,  in  the  same  manner  as  sediments  at 
the  present  day,  excepting  only  that  probably  the  solvent  power 
of  the  ocean's  waters  was  greater  than  at  the  present  time.  The 
former  sediments  having  been  almost  wholly  of  an  acid  nature,  f 


1  *  Mr.  A.  C.  Lawaon  hu  deacribed  such  in  his  report  on  the  region  of  the  Lake  of  the  Woode^ 
pp.  78,  76,  88.  See  alio  A.  Wincbell;  15th  Report,  pp.97, 101,178;  16th  Report, pp.  264:  H.  V. 
Winohell  -,  16th  Report,  pp.  405, 415,  ei  p<uHm :  V.  H.  Wlnchell ;  15th  Report,  pp.  296,  298 ;  16tlw 
Report,  pp.  69, 70,  76. 

t  That  if,  containing  over  60  p.  c.  of  silica. 
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such  that  when  crystallized  again  they  constitute  the  ftinda- 
mental  gneiss,  they  must  have  been  accumulated  slowly.  But 
on  the  advent  of  this  new  supply  of  material,  which  is  so  rapid 
that  it  can  not  all  be  worked  over  by  the  ocean  so  as  to  be  dis- 
solved and  its  alkaline  elements  extracted,  the  erupted  materials 
are  thrown  down  in  the  condition  of  stratified  sediments,  retain- 
ing to  a  great  extent  their  chemical  composition.  In  the  periods 
of  comparative  quiet  these  basic  materials  are  interbedded  with 
more  siliceous  materials,  such  alternations  taking  place  as  long 
as  the  supply  of  basic  material  is  intermittent.  Thus  might 
be  formed  a  great  series  of  strata,  surrounding  the  volcanic 
centre,  thousands  of  feet  in  thickness,  which  would  be  made  up 
of  variously  interstratified  or  mixed  siliceous  and  basic  sediments. 
Sometimes  there  would  be  intrusions  of  purely  basic  doleritic 
rock  among  these  sediments,  at  different  horizons,  due  to  the 
bodily  overflow  of  sheets  of  lava  among  the  sediments,*  in  a 
manner  similar  to  the  interbedding  of  trap  rock  in  the  Kewenaw- 
an  at  a  later  date.  In  other  places  these  eruptions  might  take 
place  somewhat  later,  involving  in  fracture,  upheaval  and  mixing 
the  last  made  strata  in  forms  of  various  fragments  and  breccia 
in  the  molten  rock  that  escaped.^  Such  an  epoch  of  disturb- 
ance, suf&dent  in  its  force  to  cause  the  outflow  of  basic  rock  from 
a  deep  source,  would  probably  be  sufficient  to  fuse  and  cause  the 
outflow  of  some  of  the  sedimentary  rock  that  already  had  been 
formed.  Thus  the  basic  and  acid  rock  would  mutually  inter- 
penetrate, and  a  series  of  fractur^  which  would  be  filled  by  the 
injection  of  any  fused  material  that  was  a^aoent,  would  be  per- 
petuated to  the  remotest  time  in  the  form  of  transverse  and  more 
or  less  concordant  dikes  and  by  breccias  composed  of  the  two 
rocks. 

It  is  manifest,  therefore,  that  the  supposition  of  the  advent  of 
a  characteristically  eruptive  era,  closing  the  quiet  Laurentian 
sedimentary  age,  will  account  for  both  an  unconformable  and  a 
conformable  transition,  such  as  are  seen,  from  the  Laurentian  to 
the  YermiUon. 

Effect  of  hydrothemuUfuHon,  It  is  necessary,  before  proceed- 
ing to  the  consideration  of  the  next  age,  to  call  attention  to 
another  great  &ct  in  connection  with  the  history  of  the  Ver- 
milion.   Nothing  is  more  evident  to  the  geologist  who  carefidly 

*  H.  V.  Wlndidl  wemt  to  have  encountered  sach  in  thai  great  extension  of  the  Vermilion 
northweatwaid  from  Vermilion  lake  to  Rainy  lake.    See,  speciaUj^lSth  report,  p.  426. 

•*  See  the  16th  report,  p.  888,  and  p.  387. 


36  SEVENTEENTH  ANNUAL  SEPOBT 

inspects  the  Lanrentian  andYermilion  strata,  than  that  they  have 
had,  in  some  respects,  a  common  experience.    This,  hpwever,  is 
subsequent  to  the  date  of  the  origination  of  the  rock  masses, 
and  has  had  a  tendency  to  so  unify  their  mineral  characters  as  to 
blend  them,  in  the  opinion  of  some  geologists,  indissolubly  into 
one  system.      They  contain,    excepting  the  eruptive  diabases, 
etc.,  at  the  base  of  the  Vermilion, — essentially  the  same  mineral 
components ;  but  those  components  are  differently  distributed 
and  exist  in  very  different  proportions.    These  minerals  are  in- 
terlocked with  each  other  in  crystalline  contaob.     It  is  very 
difficult  to  affirm,  in  many  places,  any  fragmental  grains.    They 
lie  in  such  continued  parallelism  in  long  sheets  that  there  is  no 
natural  agent  except  sedimentation  that  can  be  appealed  to 
to  account  for  the  stratification.    The  strata  do  not  consist  of 
individual  minerals,  that  is,  any  single  stratum   may  contain 
several  minerals,  but  they  change  in  relatively  proportionate 
amounts  in  a  direction  across  the  strike,  and  this  slow  change, 
which  on  weathering  brings  out  either  light  or  dark  bands,  is 
so  gradual  that  some  of  the  strata  or  some  parts  of  the  strata, 
can  not  be  separated  from  the  others  by  any  accepted  designa- 
tions.  Within  the  same  band  the  gneissose  aggregation  changes 
to  a  schistose.    While  in  a  general  way  it  may  be  said  that  the 
mica  schist  alternates  with  what  Mr.  Lawson  has  conceived  to 
be  a  series  of  thin  gneissic  dykes  in  as  many  sedimentary  beds 
of  mica  schist,  it  is  equally  true,  and  equally  as  evident  on 
inspection,  that  the  schist  fiad^  out  across  the  beds,  into  gneiss 
by  a  change  in  the  relative  amounts  of  the  constituent  minerals. 
It  is  very  certain  that  if  the  schist,  in  such  places,  be  attributa- 
ble to  sedimentary  origin  the  gneiss  is  equally  so.*     Indeed 
often  within  the  gneiss  itself  are  distinguishable  narrow,  paral- 
lel belts  of  varying  color  and  lithology  at  some  distance  from  the 
horizon  at  which  the  general  gneiss  mass  began,  which  must 
be  attributed,  as  certainly  to  the  same  cause  as  in  the  schist. 
These  only  lack  the  dark  coloring  minerals  to  show  their  nature 
more  evidently,  and  their  similarity  of  origin  with  those  un- 
.  questioned  parallel  belts  that  mark  the  schist. 

This  crystallizing  and  unifying  of  the  mineral  characters  must 
have  taken  place  in  these  strata  while  they  were  yet  buried  at 
considerable  depth  below  the  surface,  or  at  least  at  such  a  depth 
that  they  were  affected  simultaneously  by  hydro-thermal  fusion. 

*Compii«  H.  B6U8ch|  Boemmeloen  og  Karmoen  med  omgiveUtr  gtologitk  b^tkrtvnit  (English 
■ammary),  p.  888, 1888. 
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Whether  before,  during,  or  sabseqaent  to  the  process  of  upturn- 
ing which  has  brought  them  both  to  a  vertical  attitude,  it  is 
not  necessary  here  to  inquire.  Indeed,  this  is  yet  one  of  the 
'^  unsettled  problems." 

TJie  Keewatin  schists. 

This  term  is  here  used  in  a  sense  somewhat  restricted  from 
that  in  which  Mr.  Lawson  first  applied  it,  inasmuch  as  it  does 
not  include  tlie  crystalline  schists.  This  change,  however,  will 
doubtless  be  considered  allowable,  since  Mr.  Lawson  himself 
seems  to  have  separated  the  original  group  into  two  series  by 
the  application  of  a  distinctive  term  to  the  mica  schists  —  the 
Coutchiching.* 

Conformable  transition  from  the  Vermilion,  It  has  already  been 
stated  that  structurally  there  is  a  conformable  transition  from 
the  Vermilion  to  the  Keewatin.  This  has  been  found  to  be  the 
case  without  exception,  so  far  as  the  Minnesota  survey  is  con- 
cerned, and  it  seems  not  to  be  contradicted  by  any  facts  reported 
by  Mr.  Lawson.  Indeed,  so  &r  as  Mr.  Lawson  has  reported  any 
facts,**  they  tend  to  harmony  with  the  facts  and  conclusions  of 
this  survey.  Very  favorable  opportunities  have  been  afforded 
for  the  minute  inspection  of  these  beds  where  they  pass  to  the 
Vermilion,  in  many  places,  and  they  are  reported  in  the  fif- 
teenth and  sixteenth  reports.  There  have  been  five  different 
geologists,  engaged  within  the  last  three  years  by  the  Minnesota 
survey,  who  have  made  independent  examinations  at  this  hori- 
zon of  transition,  and  at  separate  places,  and  in  every  instance 
they  have  reported  a  gradual  and  conformable  transition  from 
the  Vermilion  to  the  Keewatin. 

There  is  also  a  corresponding  gradual  change  in  the  crystal- 
line condition  and  the  composition  of  the  beds.  While  the 
materials  are  referable  very  largely  to  the  same  source  as  the 
materials  of  the  Vermilion,  there  is  an  increase  of  quartz  and  a 
loss  of  mica  in  ascending  in  the  strata.  The  schists  become  seri- 
citic,  or  chloritic,  or  argillitic,  and  are  interbedded  with  gray- 
wackes  and  agglomerates;  the  last  prevail  near  the  top  and 
indeed  seem  to  have  introduced  the  marked  eruptive  char- 
acters that  distinguish  the  next  formation. 

Nature  of  the  Keewatin  rocks.    It  appears,  from  the  character  of 

*  Am.  Jour.  8oi.,  Jane,  1867,  p.  477. 
**Ain.  Jour.,  June,  1887,  p.  477. 
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the  rocks  of  the  Keewatin,  that  active  volcanic  vents  existed 
throughout  the  whole  period,  and  that  the  ejectamenta  were  re- 
ceived in  the  waters  of  the  surrounding  sea.    The  strata  contain 
much  silica,  in  rounded  grains  and  pebbles,  indicating  the  wanin^i^ 
of  the  volcanic  supply  and  the  influx  of  sedimentation  similar  to 
that  accumlated  during  the  Laurentian.    There  are  dykes  and 
various  diabasic  rocks  associated  with  the  Keewatin  strata,  some 
cutting  transversely  and  some  nearly,  but  not  quite,  parallel 
with  the  strike,  some  of  which  are  certainly  of  a  later,  date,  but  of 
which  some  seem  to  belong  to  the  age  of  the  Keewatin.  Whether 
any  of  these  have  any  possibly  traceable  connection  with  some 
of  the  old  volcanic  vents,  existing  within  Keewatin  time  it  is  not 
now  possible  to  state,  but  it  is  very  likely  that  such  connections 
will  ultimately  be  established.    At  any  rate  the  Keewatin  closed 
by  a  renewal  of  active  eruption  as  profound  in  its  energy  and 
its  effect  on  the  pre-existing  strata  as  that  which  marked  the 
close  of  the  Laurentian.    In  the  vicinity  of  Tower  and  thence 
eastward  the  rocks  that  evince  this  epoch  of  volcanic  erup- 
tion have  been  insepcted  at  many  places,  and  they  are  described 
with  accompanying  illustrations   showing  the    crumpled  and 
&ulted  condition  of  the  earlier  aqueous  strata,  in  the  fifteenth 
annual  report  (pp.  223-275).    The  rocks  which  resulted  frpm 
this  renewal  of  igneous  forces  form  a  conspicuous  series  and  they 
have  been  traced  almost  continuously  from  Tower  to  the  vicinity 
of  Gunflint  lake  where  they  pass  below  the  A.nimike.    They 
show  the  same  confased  blending  of  stratified  with  massive  rock 
as  has  been  mentioned  at  the  base  of  the  Vermilion.     In  many 
places  they  constitute  hills  that  rise  one  hundred  to  three  hundred 
feet  above  the  adjoining  lowland  levels,  and  consist  of  a  green- 
stone that  exhibits  all  the  outward  characters  of  diabase  or 
doleryte.  At  many  places  this  greenstone  is  agglomeritic,  some  of 
the  stones  showing,  by  a  periphery  of  amygdaloidal  structure, 
that  they  were  immersed  in  a  magma  that  differed  from  them 
in  the  amount  of  contained  heat,  or  in  their  capacity  for  receiv- 
ing and  transmitting  heat.    The  massive  structure  sometimes 
embraces  large  fragments  rent  from  beds  of  stratified  structure, 
and  the  massive  structure  itself  sometimes  acquires  a  faint  lining 
and  then  a  distinct  banding  which  cannot  be  attributed  to  any 
other  known  agent  than  sedimentary  action.     The  greenstone  is 
frequently  jointed  in  a  columnar  manner,  forming  basalt,  in 
which  cases  it  seems  necessary  to  regard  it  as  a  primary  basic 
eruptive.    All  the  other  modifications  and  exceptions  which  this 
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greenstone  exhibits  causing  a  departure  from  the  characters  of  a 
normal  basic  eruptive  are  to  be  referred  to  the  action  of  the 
oceau  on  the  erupted  materials,  or  on  the  local  rupture  of  the 
pre-existing  strata  and  the  mingling  of  the  fragments  with  the 
new  materials.  It  is  evident  that  in  some  places  these  fragments 
would  be  gently  covered  and  inclosed  by  new  sedimentation 
(and  such  instances  are  shown  on  the  south  shore  of  Vermilion 
lake)  producing  the  curious  alternations  of  breccias  and 
parallel  strata,  all  of  the  same  kind  of  rock,  which  have 
excited  the  wonder  of  more  than  one  geologist.  It  is  equally 
evident  that  in  other  places  these  fragments  would  be  covered 
by  an  overflow  of  erupted  material  that  did  not  come  into  con* 
tact  with  the  ocean's  distributing  action,  and  there  would  result 
a  basalt  containing  angular  masses  of  fragmental  strata.  It 
has  been  observed  that  apparently  the  most  massive  rocks  of 
this  epoch  change  by  weathering  into  a  green  chlorite  or  even 
a  sericitic  schist,  when  they  occupy  the  lower  levels  and  come 
into  contact  with  water,  or  where  they  are  subjected  to  unshel- 
tered exposure  to  alternating  frosts  and  moisture.  In  this  case 
the  original  rock  shows,  sometimes,  a  sedimentary  banding,  and 
the  schistosity  that  results  may  or  may  not  coincide  with  the 
direction  of  this  banding.  Throughout  nearly  all  the  region 
where  this  greenstone  prevails,  the  schistosity  has  a  prevalent 
direction  northeastwardly,  and  that  is  also  the  direction  of  the 
general  strike  of  all  the  sedimentary  rocks;  but  there  are  excep- 
tions in  the  case  of  the  sedimentary  strike,  which  are  more 
numerous  and  extensive  than  any  that  have  been  found  in  the 
direction  of  the  schistosity.  The  ease  with  which  this  schistose 
structure  is  developed  on  weathering,  seems  to  vary  with  the 
composition  of  the  rock,  or  at  least  with  its  original  structure. 
Where  the  greenstone  is  evidently  a  true  eruptive  basalt  which 
has  never  been  subjected  to  the  distributing  action  of  sedimenta- 
tion the  schistose  structure  is  faint,  or  is  wanting,  and  rounded 
knobs  of  structureless  massive  rock  rise  above  the  general  level  of 
the  country.  Wben  there  is  an  intimation  of  the  primeval  action 
of  water  on  the  constituents  of  the  rock  at  the  time  of  their 
deposition,  evinced  either  by  the  presence  of  siliceous  grains, 
the  indosure  of  fragments  of  stratified  masses,  a  generally 
lighter  green  color  in  the  whole  mass,  or  in  an  indistinct  band- 
ing like  sedimentary  structure,  the  schistose  structure  is  more 
«quickly  developed. 

VermUian  iron  area.    The  Keewatin  is  the  iron-bearing  forma- 
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tion  of  the  region  of  Vermilion  lake.  It  contains  the  jaApilyte 
lodes  which  have  been  described  at  Tower  in  the  15th  annual 
report.  But  it  should  be  stated  that  these  lodes  seem  to  prevail 
in  those  parts  of  the  formation  that  show  most  evidently  the- 
characters  of  massive  and  original  eruptive  rock,  i.  e.,  in  the- 
later  portion.  The  knobs  of  jaspilyte  at  Tower  are  embraced  in' 
and  penetrated  by  a  green  schist  which  at  the  surface  is  easily 
excavated,  when  a  schist,  but  which  at  greater  depth  sometimes- 
becomes  a  massive  green  rock,  and  which  in  the  main  must  be 
considered  an  original  eruptive.  At  short  distances  from  the- 
knobs,  even  on  the  slopes  an  evident  sedimentary  structure  super- 
venes, the  beds  being  nearly  or  quite  vertical. 

Origin  of  Jaspilyte.  It  is  not  necessary  here  to  reconsider 
fully  the  question  of  the  origin  of  the  rock  known  as  jaspilyte. 
Various  considerations  are  given  in  the  15th  report  that  go  to- 
show  that  it  is  of  sedimentary  origin,  embraced  as  foreign  masses, 
in  the  green  eruptive  rock  of  the  region.  Much  more  study  has. 
since  then  been  given  to  the  subject,  and  while  the  facts  and 
arguments  then  relied  on  are  still  valid  some  other  problems* 
have  arisen  which  need  to  be  solved  in  order  to  make  the 
hypothesis  of  its  sedimentary  origin  entirely  satisfactory.  They 
can  be  briefly  referred  to,  viz. : 

Why  is  the  silica  of  the  jaspilyte  so  uniformly  of  very  fine- 
grain,  and  of  so  uniform  a  grain  f 

Why  does  the  jaspilyte  accompany  the  most  evidently  erup- 
tive parts  of  the  Keewatin,  and  why  is  it  not  found  in  important 
masses  in  those  parts  that  have  plainly  a  sedimentary  structure  T 

It  seems  quite  remarkable  that  the  jaspilyte,  on  the  sedimen- 
tary hypothesis  of  its  origin,  should  not  vary  perceptibly  in  the 
size  of  its  siliceous  grains.  Beference  is  here  made  to  the  ulti- 
mate quartz  grains  into  which  it  disintegrates  on  being  long- 
weathered.  When,  in  the  stratified  schists,  some  small  pebbles- 
from  the  jaspilyte  are  disseminated  in  the  maaner  of  sedimenta- 
tion, the  pebbles  themselves,  as  constituent  elements  in  the  strati- 
fied mass,  are  seen  to  vary  in  size  considerably,  some  of  them 
being  no  larger  than  the  eye  of  a  needle,  and  others  as  large  as 
pease,  or  even  much  larger.  The  same  is  true  of  pebbles  of 
other  silica,  such,  for  instance  as  those  of  segregated  or  chemi- 
cal silica  which  does  not  show  the  finely  granular  structure. 
But  when  these  pebbles  of  jaspilyte  are  examined  more  closely 
they  are  found  to  be  made  up  of  almost  microscopic  quarts 
grains  of  the  same  size.    The  question  refers  to  the  size  of  these* 
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If  they  are  the  prodact  of  sedimentation,  it  would  be  in  accord- 
ance with  usual  observation  that  they  would  have  been  collected, 
and  deposited  under  the  action  of  varying  currents  and  would 
vary  in  size  from  place  to  place,  or  from  structure  to  structure* 
(within  certain  limits)  and  some  of  them  would  be  expected  to 
be  mingled  with  other  sorts  of  sedimentary  materials.    Some- 
observations    have   been    made,   indeed,   which    indicate  the 
mingling  of  fine  siliceous  grains,  supposed  to  be  the  same  as  tho 
fine  grains  of  the  jaspilyte,  with  the  sedim^entary  green  schists 
in  the  vicinity  of  Tower,*  but  in  these  cases,  and  especially  in 
the  case  of  principal  masses  of  jaspilyte  that  are  mined  at  Tower, 
it  is  not  yet  sufficiently  shown  that  the  ultimate  grains  of  which  the 
jaspilyte  consists,  manifest  such  a  variation  as  is  here  indicated. 
Indeed  it  is  quite  i>ossible  that  all  the  siliceous  grains  that  are  seen 
disseminated  through  the  green  schists,  as  seen  at  Tower,  are- 
compound  grains,  derived  as  fragments  from  jaspilyte  that  pre- 
existed as  such,  and  that  each  one  can  be  reduced,  on  examina- 
tion, to  the  same  minute  granules  as  the  jaspilyte  itself.    There- 
fore the  question  remains  unanswered — why  are  the  ultimate- 
granules  of  the  banded  jaspilyte  of  so  uniform  a  size,  and  so- 
uniformly  finet 

Again,  it  seems  quite  remarkable,  on  the  sedimentary  hypothe- 
sis of  theorigin  of  the  jaspilyte,  that  it  should  be  found,  in  its  most- 
typical  forms  and  largest  amounts,  embraced  in  a  rock  which  mani- 
fests theleast  of  the  characters  that  indicate  sedimentary  forces,  and 
surrounded  by  rock  that  manifests  unquestioned,  or  almost  un- 
questioned, eruptive  forces  in  its  manner  of  origin,  f  This  associa- 
tion is  hard  to  explain  except  on  the  eruptive  hypothesis  for  the 
origin  of  the  jaspilyte.  It  might  be  said,  with  much  reason,  that 
in  the  i^idst  of  the  basic  eruptions,  or  at  intervals  of  rest  from 
basic  eruptions,  some  acid  eruption  took  place,  and  that  the 
erupted  matter  assumed  such  forms,  and  such  relations  to  the 
basic,  whether  in  the  presence  of  oceanic  waters  or  on  land,  as  the 
circumstances  required,  in  just  the  same  manner  as  the  materials 
of  basic  eruption.  To  this  the  mineral  nature  of  the  jaspilyte  is 
the  greatest  obstacle. 

Name.    The  massive  ^^ greenstone"  stage  of  the  Keewatin  has 
no  distinctive  name.    It  has  sometimes  been  referred  to  as  the 


*  FifteeDth  report,  pp.  226-230. 

t  Att«Dtlon  has  been  called  to  the  distribution  of  the  Jaspilyte  masses  by  Mr.  H.  V.  WlncheU 
A  merican  Q^ologiM^  Janoaiy,  1889.  TKb  diabasie  sehitit  containing  the  jiupUyie  bedt  of  northeastern' 
Mitmemta. 

Vol.  III.— 6. 
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^'  Elawa^achong  rock,"  since  it  forms  the  falls  of  that  name  at  the 
mouth  of  the  Kawishiwi  river,  on  the  soath  shore  of  Fall  lake. 
But  it  is  not  desirable  that  such  a  name  be  perpetuated.  Kawishi- 
^win  would  be  better,  and  it  would  be  appropriate  since  this  river 
runs  for  many  miles,  and  some  of  its  tributaries  for  many  more^ 
over  rock  belonging  to  this  epoch  of  the  Keewatin. 

FaraJUels  of  the  Keewatin.  The  writer  has  seen  at  but  one  place 
in  the  Northwest,  outside  of  Minnesota,  what  he  believes  is  the 
stratigraphic  equivalent  of  the  Keewatin.  This  belief  rests 
entirely  on  lithological  resemblance,  with  some  general  strati- 
graphic  parallelism.  In  general,  the  groups  which  Dr.  C. 
Eominger  has  described  as  ''serpentine  group"  and  ''dioritic 
group,"*  in  the  region  of  Marquette,  exhibit  the  characters  of 
the  Keewatin.  There  may  be,  as  thought  by  him,  an  essential 
difference  between  the  dioritic  and  the  serpentine  groups,  but 
their  affinities  are  very  close,  and  indeed  nearly  all  the  charac- 
ters, in  limited  areas,  are  found  in  the  Keewatin.  The  serpen- 
tine rocks  may  ultimately  be  found  to  consist  of  the  old  volcanic 
cones,  now  tilted  to  lie  at  an  angle  of  90  degrees,  more  or  less, 
from  the  position  they  originally  occupied,  from  which  issued 
the  ejectments  that  were  consolidated  to  form  the  dioritic  schist 
group.  In  that  case  they  would  fundamentally  be  of  about  the  same 
age  as  those  schists.  However  that  may  be,  no  one  can  read  the 
careful  description  of  the  dioritic  group  by  Bominger,  be  he 
familiar  with  the  Keewatin,  without  being  struck  with  the  great 
mineralogical  similarity.  (See  also  16th  report,  pp.  47-48.) 

There  is,  however,  an  important  evidence  of  this  parallelism 
to  be  drawn  from  a  comparison  of  the  stratigraphy.  In  the 
Marquette  region  the  mica  schist  group  is  but  feebly  represented, 
.  and  is  not  at  all  shown  by  Bominger  on  his  map  of  the  region. 
It  is  included  by  him  in  his  granitic  group.  But  the  dioritic 
group  comes  at  once  into  contact  with  the  granitic  rocks  of  the 
''granitic  group."  This  is  shown  to  be  interbedded  sometimes 
with  the  base  of  the  dioritic  group,  and  the  granite  to  be  appar- 
ently produced  sometimes  by  the  fusion  and  extrusion  of  some 
of  the  beds  of  the  dioritic,  or  from  some  of  the  lower  strata,  form- 
ing knobs  and  sudden  enlargements  of  granitic  rock  within  the 
schists  of  the  dioritic  group.f  The  same  kind  of  indistinct, 
incipient  crystallization  as  described  by  him  has  been  noted  at 
.about  the  same  horizon  in  the  schists  of  the  Keewatin  north  of 


•Geol.  of  Mich.,  Vol.  IV,  pp.  22, 24, 28,  27. 

t  Qeological  sunrej  of  Michigan,  Vol.  IV,  1881. 
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Ounflint  lake,  and  between  Ogishke  Muncie  and  Kekekebie 
lakes,  and  the  same  gradual  inter-bedded  transition  from  the 
schists  to  a  sub-granitic  rock.  In  the  same  way  also  great  over- 
flow areas  of  acidic  syenite  or  '^granite"  are  found  in  connection 
with  both.* 

But  the  most  remarkable  stratigraphic  coincidence  is  the  rela- 
tion of  the  Keewatin  and  the  dioritic  group  to  the  overlying 
formation.  In  Minnesota  it  is  the  iron-bearing  Animike,  and  at 
Marquette,  it  is  the  *Mron  group,"  of  Bominger.  This  relation 
is  one  of  unconformity.  For  evident  reasons,  which  need  not  be 
elaborated  here,  the  ''iron  group"  of  Bominger  is  considered  to 
be  on  about  the  same  stratigraphic  horizon  as  his  '^  arenaceous 
slate  group."  They  are  not  shown  by  him  to  be  distinct,  although 
he  supposes  them  to  be  separated  by  the  '^quartzyte  group," 
and  in  both  of  them  are  found  important  bodies  of  ore  in  the 
Marquette  district.  They  have  the  same  relations  to  the  dioritic 
group,  as  described  by  him.  and  their  geographic  distribution, 
as  separately  delineated  on  his  geological  map,  especially  when 
taken  in  connection  with  his  geological  descriptions,  is  inexplica- 
ble on  the  supposition  of  their  separate  identity. 

In  the  light  of  what  has  been  published  by  the  Minnesota  sur- 
vey respecting  the  unconformable  superposition  of  the  Animike 
over  the  Keewatin,  nothing  further  need  be  said  as  to  that  fact. 
But  when  this  unconformity  is  extended  Ho  the  Marquette 
region,  and  the  iron-ore  beds  there  so  much  worked  are  placed 
above  that  line  of  unconformity,  it  may  need  a  concise  statement 
of  the  evidence  to  make  it  appear  plausible.  While  it  is  in  per- 
fect accord  with  the  published  conclusions  ^f  the  Michigan  and 
Wisconsin  geologists,  to  put  the  ore-bearing  rocks  of  those 
states  in  the  *'  Huronian,"  it  is  not  in  accord  with  them  to  sepa- 
rate that  horizon  from  the  dioritic  schists  which  really  embrace 
an  ore  horizon  of  an  older  date,  by  a  plane  of  unconformity;  but 
under  the  term  '^ Huronian"  have  been  grouped,  in  one  essen- 
tial concordant  series  of  strata,  all  the  rocks  of  the  district 
younger  than  the  fundamental  gneiss  or  the  Laurentian.  Later 
Dr.  Bominger  has  stated  that  some  of  the  granite  of  the  district  is 
eruptive  and  of  later  date  than  the  associated  schists.  (G^l.  of 
Mich.,  Vol.  IV,  pp.  17  and  22.) 

The  reader  is  therefore  referred  to  the  following  quotations 

*  The  hematite  lodes  at  Tower  seem  to  hare  their  representatlTes  In  the  dioritic  group  of 
BomiDger,  but  they  hare  not  proved  prodactive  enough  to  support  regular  mining.  Such  are 
mentioned  hy  him  on  pp.  26, 27,  29, 30. 
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from  the  descriptions  of  Dr.  Eominger  of  the  relation  of  the 
'*dioritic  group''  to  the  overlying  "iron  group''  and  "arena- 
ceous slate  group."* 

Page  72;  Speaking  of  the  snrfaoe  lock  of  the  enyirons  of  Negaunee  and  Ish- 
peming,  which  belong  to  the  "iron-ore  gronp,"  he  says:  "The  strata  are  in  an 
exceedingly  disturbed  condition  *  *  *  These  disturbed  beds  lie,  in  every 
instance,  directly,  but  very  often  unconformably,  on  chlorito-hydro-micaceous 
schists,  or  on  crystalline  dioritic  masses  which  are  constant  associates  of  these 
chloritic  schists."  *  «  *  "Overlooking  the  extremely  plicated  and  corra- 
gated  condition  of  the  strata,  they  form,  considered  in  their  totality,  a  synclinal 
basin,  hemmed  in  between  dioritic  ridges.'' 

Page 76;  "The  discordance  existing  between  the  dioritic  and  the  iion<4>ear> 
ing  rock  groups  is  obvious  in  the  minority  of  natural  or  artificial  exposures, 
although  it  often  occurs  that  they  adjoin  each  other  in  parallelism." 

Page  82;  "The  ore-bearing  beds  in  the  lake  Superior  mine  lie  in  a  steep 
inclination,  with  northern  dip  directly  on  the  diorite,  or  on  schistose  beds 
belonging  to  this  group,  but  in  other  parts  of  the  mine  the  strata  are  seen  to  be 
bent  and  folded  repetitiously,  and  to  dip  in  the  most  irregular  way." 

Page  83;  "The  deposits  visibly  underlie  the  jaspery  massive  rock-ledges  and 
repose  in  a  much  corrugated  condition  on  the  schists  of  the  diorite  group." 

Page  86;  "In  the  abandoned  pits  of  the  old  Tilden  mine,  and  in  several 
neighboring  natural  exposures,  the  ore-formation  is  found  to  repose  on  the  dio* 
rite,  or  on  the  schists  belonging  to  this  group,  but,  as  it  seems,  always  in  dis- 
cordance." 

Page  108;  Speaking  of  the  "arenaceous  slate  group,"  he  says:  "The  strata 
lie  on  the  side  of  a  diorit#  hill  dipping  under  a  low  angle  toward  it  in  a  north- 
em  direction,  and  a  few  hundred  steps  further  east  another  body  of  these  ledges 
lies  in  a  slanting  position  on  the  diprite." 

Page  114;  "On  the  south  side  of  the  large  cluster  of  diorite  knobs,  north  of 
the  New  York  mines,  we  generally  see  the  ore-formation  in  direct  contiguity 
with  the  diorite;  but  on  t%e  higher  part  of  one  of  the  rock  blufb  another  kind 
of  stratified  rock  [i.  e.,  the  arenaceous  slate  group.  N.  H.  W.]  is  found  to  repose 
on  the  diorite  in  seemingly  discordant  position." 

These  statements  are  sufficient  to  show  that  in  the  Marquette 
region  there  was  a  profound  break,  or  unconformity,  that  sepa 
rated  the  dioritic  group  from  that  next  succeeding,  as  marked 
and  as  general,  as  that  which  separated  the  Keewatin  from  the 
Animike.  The  fact  that  it  has  not  generally  been  recognized, 
and  when  so  observed  that  its  signifiicance  was  not  noted,  may  be 
explained  by  the  great  confusion  that  prevails  at  Marquette  in  all 
the  dip  and  strike  of  the  rocks,  due  to  disturbances  that  involved 
both  the  older  and  the  later  terranes. 

Further  evidence  of  this  parallelism  is  found  in  the  fact  that^ 

•Geology  of  Michigan,  Vol.  IV,  1881. 
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In  the  same  manner  the  Keewatin,  and  the  ^'dioritic  group"  of 
Bominger,  are  nnconformably  overlaid  by  a  more  recent 
qnartzyte,  as  will  appear  later  in  this  review. 

JagpUyte  is  in  the  Keetcatin  and  the  diarUic  group.  There  is  a 
general  lithological  resemblance  as  already  noted.  It  will  be 
necessary  here  only  to  call  attention  to  one.  The  Keewatin 
contains  the  typical  jaspilyte  deposits  of  Minnesota — i.  e.,  those 
that  have  chalcedonic  silica  as  their  chief  characteristic,  and 
occar  in  curiously  ribboned  contorted  bands  or  masses,  afford- 
ing a  hard  specular  hematite.  Although  Dr.  Bominger  does  not 
employ  the  term  jaspUyte,  he  seems  to  make  several  references 
to  it  in  connection  with  his  account  of  the  dioritic  group.  Such 
references  may  be  found  on  pp.  27,  29,  and  30.  In  other  places 
it  seems  as  if  the  descriptions  that  he  has  recorded  of  the 
phenomena  of  the  iron  mines,  all  of  which  he  supposes  to  be 
.  in  the  ''iron  group,"  and  not  in  the  dioritic  group,  can 
apply  only  to  the  dioritic  group.  This  is  true  particu- 
larly of  some  of  those  in  the  vicinity  of  Ishpeming.  Dr. 
M.  E.  Wadsworth's  observations  and  figures*  seem  to  indicate 
the  same.  The  manganesic  soft  hematite,  and  the  limonitic  ores, 
which  are  also  ''jaspery,"  are  not  believed  to  belong  to  the 
same  formation  as  the  hard  jaspilyte-hematite,  but  to  the  over- 
lying *'iron  group."  It  is  true,  however,  that  it  is  impossible. 
At  present,  to  indicate  fully  the  petrographic  difference  that 
may  distinguish  the  jaspilyte-hematite  of  the  Keewatin  from  the 
Jaspery  beds  of  the  iron-ore  group.  That  will  be  subject  for 
further  study,  f 

Po99ibUity  ofrocka  younger  than  the  Keewatinj  before  the  beginning 
-of  the  Taconic.  We  have  seen  that  the  Keewatin  was  terminated 
by  an  increased  eruptive  activity,  producing  distinctively,  in 
Minnesota  the  ''greenstone  range,"  or  the  Kawishiwin  rocks. 
We  have  no  distinct  knowledge  of  any  later  sedimentary  beds 
prior  to  the  nnconformably  overlying  Taconic  (or  Animike). 
There  are,  however,  some  problematical  rocks  that  different  mem- 
bers of  the  Minnesota  survey  have  noted  whose  position  in  the 
stratigraphic  column  has  not  been  determined.  They  have  been 
-de&iguBJb&dmuscovadorocks,  and  in  some  places  they  hold  a  position 


*  KotM  on  the  g^oXogj  of  the  copper  and  iron  districts  of  lake  Superior.  Mu§,  qf  Gmp. 
JSodoffy.    Geo!.  Series,  VoL  X. 

fThe  reader  is  referred  to  the  rock  "taloose  conglomerate,"  described  bj  Dr.  E.  Hitchcock 
in  the  O^ohff^  qf  Fsrmofii,  for  a  probable  New  England  representatlTe  of  the  Stunts  eonglom- 
.erate  of  the  Keewatin.  Indeed  there  is  great  reason  to  suspect  that  the  Keewatin  horison  in 
^  its  fJMtnres  exists  in  the  **  talcoee  slates  "  of  western  New  England. 
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some  distance  soath  of  the  strike  of  the  Elawishiwin  and  spread 
over  several  miles  of  area.  It  is  not  intended  to  discoss  them 
here  at  any  length.  They  may  be  some  part  of  the  Taconic,  and 
it  is  only  suggested  that  they  may  be  a  sedimentary  formation 
that  accumnlated  subsequent  to  the  Keewatin  before  the  sab- 
mergence  that  brought  the  Taconic  unconformably  over  it. 

The  age  of  the  Taconic  (Animike,  Huronian). 

How  long  an  interval  %f  time  passed,  and  what  its  events 
were,  separating  the  Kawishiwin  epoch  from  the  Taconic,  it  is 
impossible  to  state.  But  it  is  evident  that  there  was  a  great 
change  in  the  surface  of  the  earth,  wherever  this  succession  is 
found,  which  tended  to  allow  not  only  submergence  of  some  of 
the  pre-existing  land  area,  but  such  general  quiet,  sx>eaking 
broadly,  as  would  allow  slow  sedimentation,  and  apparently  the 
growth  of  plants  and  animals.  The  black  carbonaceous  i^ales 
and  slates,  or  in  other  places  the  graphitic  character  of  the  rocks 
of  the  Taconic,  where,  as  on  Pigeon  point,  they  have  been  meta- 
morphosed, sufficiently  indicate  the  presence  of  plant  life  in 
the  Taconic.  In  other  places  faint  tracings  of  rude  forms, 
apparently  of  vegetation,  have  been  observed  on  the  sides  of 
some  of  the  black  slates.  But  of  these  forms  none  from  Minne- 
sota have  been  carefully  examined  and  described.*  Of  animal 
remains  none  have  been  found  in  Minnesota  that  belong  in  the 
black  slates,  but  in  the  quartzyte  overlying,  some  primordial 
fossils  have  been  found  f  corresponding  with  the  fauna  of  the 
Paradoxides  horizon  of  eastern  North  America,  indicating,  so 
far  as  this  evidence  goes,  the  age  of  the  ^'Granular  Quartz," 
and  of  the  Bed  Sandrock  of  Vermont.  This  formation  seems  to 
be  represented  in  the  Bocky  mountains,  where  the  primordial 
fiauna  has  been  mentioned  by  Mr.  B.  G.  McGonnell  X  along  the 
line  of  the  Canadian  Pacific  railroad.  Still  earlier  Mr.  C.  D. 
Walcott  described  it  in  Nevada.  §  There  is  no  doubt  that  this 
formation  is  widespread.  The  coincident  identity  of  the  old 
Taconic  with  the  ^^ Lower  Cambrian"  and  the  Huronian  need 
not  be  discussed  here,  and  those  who  believe  that  these  represent 
different  rock-horizons  will,  of  course,  not  accept  the  generalized 


•  Sixteenth  report, pp.  78, 239. 

t  Thirteenth  report,  p.  68. 

X  Geol.  Sur.  of  Can.,  1886.    Rep.  D.,  pp.  29>30.    Am.  Oaol.,  JanuRrj,  1889. 

gThirtitth  bulletin,  U.  8.  GeoLSarvey. 
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history  that  is  here  indicated.    To  the  writer  there  seems  to  be^ 
no  way  to  group  the  terranes  that  are  found  in  the  Northwest, 
subsequent  to  the  Keewatin,  belonging  in  that  general  horizon 
that  has  been  accepted  widely  as  '^Huronian,"  except  to  make- 
them  the  parallel  of  that  earlier-named  system  which  was  so- 
long  studied  by  Dr.  Ebenezer  Emmons,  and  by  him  named 
Taconic 

The  opening  of  the  Taconie.  So  far  as  we  know  the  Taconic  was- 
characterized,  from  New  England  to  the  Black  Hills,  by  an  epoch 
of  increased  submergence  beneath  the  ocean.  There  is  great  reason . 
to  believe  that  all  the  earlier  formations  of  the  super-crust  had. 
been  subjected  to  great  flexure  and  uptilting  before  this  sub- 
mergence. In  Minnesota  the  underlying  beds  are  almost  verti- 
cal, nearly  everywhere,  and  the  Taconic  beds  dip  at  angles  gen- 
erally less  than  30^.  It  can  hardly  be  supposed  that  throughout 
so  great  an  area  the  subjacent  strata  could  by  any  transforma- 
tion be  placed  in  verticality  beneath  the  Taconic  since  the^ 
deposition  of  the  latter,  without  equally  disturbing  the  Taconic- 
also.  Indeed  when  such  rupturing  of  the  strata,  since  the 
deposit  of  the  Taconic,  has  been  observed,  as  in  the  region 
between  Ogishke  Muncie  lake  and  Gabemichigama  lake,  the  dis- 
turbance has  involved  the  Taconic  rocks  also,  and  has  turned, 
them  into  various  and  excessive  dip.  Such  exhibitions,  how- 
ever, are  exceptional,  so  far  as  observations  already  made  in 
Minnesota  indicate.  The  Taconic  strata  maintain,  both  in  Min- 
nesota and  Wisconsin,  as  in  the  Mesabi  and  Gk>gebic-Penokee 
ranges,  a  regularity  of  dip  and  strike,  and  a  low  angle  of  incli- 
nation which  are  not  seen  in  any  of  the  older  rocks. 

There  is  a  conglomerate  at  the  base  of  the  Taoonie.  This  is  a 
fragmental,  sedimentary  conglomerate,  embracing  numerous 
rounded  fragments  frx>m  the  earlier  formations  of  the  r^ion. 
The  lowest  stratum  seen  in  the  Huronian,  in  the  region  north  of 
lake  Huron,  is  reputed  to  be  a  quartzyte  which  varies  to  a 
quartzose  conglomerate,  and  by  the  accession  of  organic  matter- 
assumes  a  dark  color,  becoming  a  ''slate  conglomerate.^^  In  the 
latter  form  it  has  a  wonderful  development,  both  in  Canada  and 
in  Minnesota*.  It  is  the  Ogishke  conglomerate,  of  the  Minne- 
sota reports.  It  seems  to  be  the  Missasaugui  quartzyte  and  the 
slaty  conglomerate  of  the  original  Huronian  area.  This  con- 
glomerate is  followed  by  an  immense  thickness  of  daik  slaty 

*  On  the  puwge  of  the  quartsoae  |condition  Into  the  lUty,  each  being  pebblji^Me  Logfuu 
1868,  Geology  of  Canada,  pp.  65, 66, 6M, 
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rocks,  often  oherty,  or  flinty,  frequently  very  dark-colored,  gen- 
>erally  siliceous,  alternating  with  thin  quartzytes,  and  grayish 
feldspathic  quartzytes,  all  in  conformable  stratification,  as  a 
whole.  Variously  interbedded  with  these  slates  and  quartzytes, 
from  bottom  to  top,  are  beds  of  basic  eruptive  rock,  and  it  is 
necessary  to  suppose  that  such  eruptions  must  have  been  accom- 
panied, in  some  places,  by  extensive  disturbance  and  meta- 
morphism.  As  a  group,  however,  the  Taconic  strata  sustain  a 
uniformity  of  lithology,  within  allowable  limits  of  variation, 
which  marks  them  as  one  great  series,  which  experienced  essen- 
ijially  the  same  history  over  very  extensive  parts  of  America, 
and  in  that  respect  they  show  the  same  individuality  as  the 
Keewatin  and  the  Vermilion,  which  naihes  cover  respectively  the 
subcrystalline  (earthy)  and  the  crystalline  schists  of  the  North- 
ivest.  The  Taconic  is  essentially  the  Olenellus  group  of  strata 
-of  the  primordial. 

The  iron  ores  of  the  Taconic,  The  Taconic  is  the  chief  iron- 
bearing  formation  of  the  Northwest.  It  is  the  ''Huronian'' 
iron-group  of  the  Marquette  region,  the  PenokeeGtogebic  range 
in  Wisconsin,  and  the  non-titanic  ores  of  the  Mesabi  r^iige  ^^ 
Minnesota.  The  writer  is  not  &miliar  with  the  Menominee  iron 
•district  in  Michigan  and  Wisconsin,  but  the  described  characters 
and  the  parallelisms  that  have  been  claimed  of  the  Menominee 
rocks  by  Brooks,  Eominger  and  Irving,  with  those  at  Negaunee, 
sufficiently  show  that,  as  claimed  by  Emmons  and  Houghton  in 
1846,  the  Menominee  rocks  are  also  of  the  Taconic.*  The 
numerous  important  iron-ore  deposits  that  have  long  been 
known,  and  formerly  extensively  exploited  in  eastern  New 
York  and  western  Vermont,  Massachusetts  and  Connecticut, 
embracing  hematite  and  limonite,  often  manganesic,  afford  par- 
allels with  the  iron-ore  deposits  of  the  Northwest  that  are  here 
classed  in  the  Taconic.  Some  of  the  descriptions  of  the  ore-pits 
of  Washington,  St.  Lawrence  and  Dutchess  counties,  of  eastern 
New  York,  recorded  by  Mather  and  Emmons  in  their  reports  on 
the  geology  of  those  counties  are  applicable,  in  many  respects, 
to  those  of  the  Penokee-Oogebic  and  the  Mesabi  ranges  in  the 
Northwest. 

The  OranuUir  Quartz.  As  used  here  the  term  Taconic  does  not 
embrace  the  ''Granular  Quartz,"  of  Emmons,  as  there  is  suffi- 
cient evidence,  in  the  writer's  opinion,  for  making  that  the  par- 

Mgricultore  of  Kew  York,  1846,  Vol.  I,  p.  101. 
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allel  of  the  true  Potsdam  of  New  York  state.  ^    The  chief 
reasons  for  this  separation  may  be  given. 

(a)  The  straJtigrapkio  reUUians  of  the  Gh^anuUir  Qiuirtz  and  the 
Potsdam  of  N.  Y.  are  the  mme.  In  the  first  place  they  are  seen 
to  lie  nnconformably  on  the  older  ''granite,"  one  on  the  west 
flank  of  the  Green  mountains,  and  the  other  on  the  northern 
and  eastern  flanks  of  the  Adirondacks;  and  in  the  second  place 
they  bear  the  same  relation  to  the  Bed  sandrock  of  Vermont. 
By  Dr.  Emmons  the  Bed  sandrock  was  regarded  the  equivalent 
of  the  Potsdam  and  Calciferous  sandrock,  bat  it  is  described  by 
the  Canadian  and  Vermont  geologists  as  Potsdam.  Emmons, 
Logan,  Hitchcock  and  Marcoa  agree  in  making  it  nnoouforma- 
ble  on  the  underlying  slates,t  but  Mr.  Walcott  fails  to  find  the 
unconformity  at  the  point  described  by  Marcou.^ 

It  seems,  however,  that  the  preponderance  of  evidence  is  in 
favor  of  such  unconformity,  especially  when  it  is  further  con- 
sidered in  its  agreement  with  observations  supposed  to  be  atthe 
same  stratigraphic  horizon  in  the  Northwest  and  in  the  Black 
Hills.  The  Potsdam  is  therefore  here  the  Bed  sandrock,  and 
unconformable  on  older  slates.  But  by  the  discovery  of  the 
same  fauna  in  the  Granular  Quartz  and  in  the  Bed  sandrock  Mr. 
Walcott  has  shown  that  these  are  stratigraphically  the  same 
formation.  Therefore  the  Granular  Quartz  must  lie  nnconform- 
ably on  other  terranes  than  the  ''  Primary"  of  the  Green  moun- 
tains. 

(b)  While  the  fossils  of  the  Grranvlar  Quartz  are  cognate  unth  those 
of  the  Bed  sandrock,  they  are  also  cognate  unth  aU  that  have  been  found 
in  the  true  Potsdam,  They  are,  however,  essentially  different 
fi*om  those  of  the  so-called  Potsdam  of  the  Mississippi  valley. 
This  need  not  be  amplified.  It  is  based  on  one  of  the  cardinal 
distinctions  that  subdivide  the  primordial  fauna. 

(c)  The  Bed  sandrock  overlying  the  Georgia  group  unconforma- 
bly,  as  already  stated,  the  Granular  Quartz  and  the  Potsdam  must 
have  the  same  stratigraphic  position.  While  this  has  not  been 
observed  in  New  York  and  Vermont  (or  when  so  seen  the  over- 
lying strata  were  considered  to  belong  to  the  Bed  sandrock)  it 
has  been  observed  to  be  the  relation  subsisting  between  an  iden- 
tical quartzyte  in  the  area  of  the  original  Huronian,  in  northern 

•  Bull.  No.  80,  U.  8.  Geol.  Bar.  p.  18. 

tQ«olog7ofV«nnont,  Vol.I,pp.  260,  817.    The  Taconicof  Georgia  and  the  report  on  the 
geology  of  Vermont,  Mtm,  Bntton  Soe,  Nai.  HUt.^  VoL  IV, 

X  American  Geologiit,  March,  1888.    A  great  primordial  qoartsyte. 
VoL  III.— 7. 
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Michigan,  and  in  northeastern  Minnesota,  and  a  series  of  slater 
underlying.  In  other  words;  The  Thessalon  qnartzyte  of  the 
Huronian  overlies  (probably)  nnconformably  the  Plnmiiier 
argillytes.  The  Pewabic  qnartzyte  and  the  Wanswangoning: 
qnartz3rte  overlie  the  Animike  in  northern  Minnesota,  bat  the 
exact  contact  has  not  yet  been  observed;  while  in  the  Marqnette 
region  the  '^ qnartzyte  group"  of  Bominger  overlies  nnconform- 
ably his  "iron  group."* 
If  we  carry  the  comparison  further: — 

(d)  The  straJbigrapMo  relations  of  the  OranuHar  Quartz  and  Pots- 
dam to  the  ^^granUe^^  are  the  same  as  those  of  a  great  primordial 
qnartzyte  of  the  Northwest  to  the  ^^granite.^^  This  western  quartz- 
yte  has  been  designated,  not  only  Potsdam,  but  Sioux  qnartzyte,. 
Baraboo  qnartzyte,  New  Ulm  qnartzyte,  Barron  county  qnartz- 
yte, Wanswaugoning  qnartzyte,  as  well  as  Pewabic  qnartzyte,. 
and  in  numerous  instances  it  has  been  observed  to  lie  uncon- 
formably  on  the  granite  supposed  to  be  of  Laurentian  age. 

This  comparison  could  be  extended  to  include  the  Black  Hills> 
of  Dakota  and  the  primordial  section  of  Nevada,  and  it  would 
appear  that  the  relations  here  pointed  out  for  this  qnartzyte  are 
of  wide  application  and  mark  it  as  a  formation  of  continental 
extent. 

(e)  By  Mather,  Sogers,  and  others  who  have  opposed  the 
Taconic  system  the  Granular  Quartz  was  referred  to  the  Pots- 
dam sandstone. 

These  considerations  seem  to  justify  the  conclusion  that,  con- 
trary to  the  opinion  of  Dr.  Emmons,  the  Granular  Quartz  should 
be  placed  at  the  top  instead  of  at  the  bottom  of  the  Taconie 
system,  and  that  the  Taconic  black  slate  underlies  it  nnconform- 
ably. This  does  not  disturb  his  general  idea  that  the  Taconic  is 
a  sub- Potsdam  formation,  even  using  the  term  Potsdam  in  ita 
original  sense  as  here  defined.  It  is,  furthermore,  in  accordance 
with  the  views  of  the  Swedish  geologists  to  find  the  qnartzyte 
(Paradoxides)  horizon,  lying  above  the  Olenellus  beds,  and 
indicates  that  the  Braintree  (Mass.)  quartzytes  overlie  the  Brain- 
tree  slates. 

[Note. — The  only  intimation  that  the  writer  has  heen  ahle  to  find  that  the 
Granular  Qnartz  and  the  Red  sandrock  had  ever  heen  regarded  the  same  forma- 
tion hy  the  early  geologists  is  a  statement  in  the  *^  Geology  of  Vermont,"  Vol. 
I.  1861  (issued  in  1862,  Walcott),  p.  346.  It  is  hy  Dr.  Edward  Hitchcock,  and 
in  the  foUowing  words:    ''A  narrow  strip  of  impure  limestone  partially  sei>a- 


•Sixteenth  report  of  tho  Minneeota  tttrrey,  pp.  45, 46. 
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lates  the  qnartz  rock  from  the  Red  sandiock  in  Monkton.  The  limestone  gmdn- 
ally  thins  oat,  and  is  finally  lost,  so  that  the  qnartz  rock  and  the  sandrock 
nnite  with  each  other;  and  probably  the  line  of  junction  is  only  a  line  separat- 
ing different  degrees  of  metamorphic  action  npon  the  same  formation;"  but  by 
different  geologists  both  the  Potsdam  and  the  Granular  Qnartz  have,  on  what 
seemed  good  evidence,  at  diBenat  times  been  regarded  as  the  equivalent  of 
the  Bed  sandrock.  Some  conftision  has  arisen,  as  it  seems,  in  the  use  of  the 
word  Potsdam,  by  the  geologists  who  have  examined  the  Ghamplaln  vall^  in 
the  same  manner  as  in  the  MissisBippi  valley.^  Some  have  applied  the  term 
to  the  great  quartzyte  (the  "Granular  Quartz''  in  its  different  positions)  and 
some  to  the  later,  looser  sandrock,  and  Calciferous  sandrock,  that  lie  unconform- 
ably  on  the  quartzyte,  and  some  to  both  varieties.  The  former  is  the  horizon 
of  the  Paradozides  fauna,  ftom  New  England  to  Minnesota,  and  the  latter  is 
the  horizon  of  the  Dioellocephalus  fiftuna.  It  will  require  a  re-examination  of 
the  "  sandstone  of  Potsdam,"  at  the  typical  locality,  to  determine  the  question 
— which  is  the  true  Potsdam  sandstone  ?] 

The  age  of  the  Potsdam. 

Equivalent  names.  Under  this  headiog  are  indaded  here  seyeral 
looaJ  designations  which  have  been  applied  by  geologists  to  a 
formation  that  extends  widely  over  the  United  States  and  Can- 
ada, the  nniform  characters  of  which,  as  well  as  its  fossils  and 
stratigraphy,  indicate  that  they  all  belong  to  one  great  quartzyte 
horizon.  Some  of  these  various  names  are:  Grannlar  Qnartz, 
Bed  sandrock,  Thessalon  quartzyte  (of  the  original  Huronian), 
Teal  lake  quartzyte,  No.  3,  or  quartzyte  group  (of  Dr.  Bominger), 
Baraboo  quartzyte,  Wanswaugoning  quartzyte,  Pewabic  quartz- 
yte, Sioux  quartzyte.  Further  east,  it  may  be  represented  by 
the  quartzyte  at  Braintree,  Mass.,  and  the  Paraidoxides  beds  of 
Newfoundland.  Further  west  it  seems  to  exist  in  the  Mt.  Ste- 
phen section,  and  contains  the  &una  of  the  Bow  Biver  group, 
and  of  the  ''Prospect  Mountain"  quartzyte.  It  is  unquestion- 
ably found  in  the  Black  Hills,  but  fortunately  it  has  not  there 
received  a  special  name,  but  is  embraced  under  the  term  Pots- 
dam. This  is  essentially  the  horizon  of  the  Paradoxides  strata 
of  the  primordial. 

Unconformable  on  the  Taconic,  It  has  been  stated  that  this 
quartzyte  is  unconformable  on  the  Taconic.  This  is  sufficiently 
established  in  Vermont,  in  Michigan,  Wisconsin  and  in  the 

«  Emmoni  noticed  the  diflbrence  of  Uthology,  bat  not  the  unoonfonnity  of  itratification. 
G€ol.  ^  N.  K,  Vol.  II,  1842,  p.  2G9. 

Or.  Edwaxd  Hitchcock  ■eenm  to  hare  flgnred  thii  unoonfonnitj  in  VoL  I,  p.  265,  of  the  QtoU 
offv  ^  Vermont^  hat  he  oonaidered  the  '*  qaartc  rock  **  here  to  belong  to  the  Laarentimn.  At 
Chuy  Mr.  Jolei  liaroou  itates  that  he  obeerred  an  nnoonformltj  between  the  Potsdam  and  the 
Chazy  itrmta,  the  dlTorgence  of  dip  being  IS  degnei.^77^  Ttaconie  4y«tem  omd  iU  potUion  in 
stratigraphie  ffeoiogp.    Proc  Am.  Acad.  Arte  db  Bd.,  Vol.  XII,  p.  190. 
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Black  Hills  of  South  Dakota.  It  is  presninably  so  in  the  area 
of  the  original  Horonian.*  Sach  a  widespread  non-oonformity 
indicates  that  the  Taconic  was  closed  by  a  widespread  epoch  of 
disturbance.  Since  the  Potsdam  is  carried  over  the  edges  of  the 
Taconic,  and  in  many  places  is  brought  into  contact  with  the 
'^ granite,"  which  may  be  supposed  to  be  older  than  either,  it  is 
evident  that  this  disturbance  was  followed  by  a  still  further 
inroad  of  the  oceanic  waters  on  the  land  area  of  the  continent. 
This  submergence  has  effectually  hid  the  Taconic  formation  from 
sight  over  very  extensive  areas,  and  led  the  geologists  who  saw 
the  Potsdam  lying  on  the  Primary,  in  Kew  York,  to  question 
the  possibility  of  a  formation  several  thousand  feet  in  thickness 
belonging  between  them.  It  also  produced  a  conglomeritic  com- 
position in  the  bottom  of  the  Potsdam  at  nearly  all  places  where 
the  bottom  beds  have  been  seen. 

Further  evidence  of  disturbance  during  the  Potsdam.  The  gradual 
or  paroxysmal  sinking  of  portions  of  the  continent  below  the 
ocean  during  the  Potsdam  age  was  accompanied  by  other  evi- 
dences of  disturbance  that  have  remained  undeniable  witnesses 
to  this  day.  There  were  both  basic  and  acid  eruptions  of  great 
volumes  of  molten  rock,  which  in  some  cases  were  interbedded 
in  the  Potsdam,  and  in  others  are  found  overlying  it.  These 
molten  rocks  are  found  generally  to  lie  on  the  Taconic  and  the 
Potsdam  both,  but  their  date  of  outflow  is  fixed  later  than  the 
beginning  of  the  Potsdam  by  their  stratigraphic  relation  to  the 
Potsdam.  Beds  of  gabbro  are  evenly  spread  with  quartzyte 
strata  above  and  below  them,  in  the  Pewabic  quartzyte  in  north- 
eastern Minnesota.  In  general  the  gabbro  lies  on  the  Animike 
(Taconic)  in  Minnesota,  but  a  favorable  observation  made  at 
Ohub  (Akeley)  lakef  demonstrates  that  this  quartz3rte  was  par- 
tially deposited  over  the  Animike  before  the  great  gabbro  flood 
occurred.  The  usual  immediate  overlie  of  the  gabbro  on  the 
beds  of  the  Taconic,  is  due  to  the  fact  that  those  beds  were  nearer 
adjacent  at  the  points  of  issue  of  the  molten  rock.  It  also  lies 
on  the  Keewatin  as  well  as  on  the  Laurentian;  while  the  Potsdam 
is  overwhelmed  and  nearly  lost  by  the  great  mass  of  lava  that 
issued  from  the  interior  of  the  earth  during  the  time  of  its  depo- 
sition. While  the  gabbro  outflow  seems  to  have  been  the  most 
voluminous  and  remarkable  in  Minnesota,  and  to  have  been  the 

*  In  the  8t  Louis  Talley,  near  Thomaon,  the  basal  conglomerate  of  the  Potadam  Is  uncon- 
formable  on  the  Thomson  (Taoonlc)  slates.   Tenth  Minnesota  report,  p.  8S. 

fSlxtMnth  report,  pp.  M  and  87. 
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earliest  of  the  basic  Potsdam  eruptions,  in  the  area  of  the  orig- 
inal Hnronian  the  Thessalon  qnartzyte  is  generally  out  by  and 
buried  under  an  eruptive  of  a  slightly  different  kind,  more 
resembling  some  of  the  ^Hraps"  of  the  later  epoch.  There  is 
reason  to  suppose  this  may  be  due  to  one  of  two  causes.  Ist.  That 
at  the  time  of  the  gabbro  flood  in  other  regions  the  area  of  the 
original  Huronian  was  exempt  (or  nearly  so)*  from  eruptiye  dis- 
turbance, and  that  the  later  basic  outflows  took  place  there  afber 
the  region  was  elevated  above  the  ocean;  or  2nd.  That  while 
typical  gabbro  rock  was  being  extravasated  in  Minnesota,  and 
in  some  other  iM>rtions  of  the  country,  a  slightly  different  basic 
eruption  was  taking  place  in  the  area  of  the  original  Huronian. 
From  the  fact  that  some  gabbro  rock  is  found  in  the  region  of 
the  original  Huronian,  it  appears  that  the  former  of  these  hypoth- 
eses is  more  probably  correct,  and  that  there  as  well  as  in  north- 
eastern Minnesota,  the  basic  diabase  and  finer  trap- rock  charac- 
teristic of  the  most  of  the  Kewenawan,  were  of  somewhat  later 
date  than  the  gabbro.  That  these  darker,  diabase  traps  issued 
at  some  date  after  the  gabbro  flood,  is  evinced  not  only  by  the 
dikes  of  the  former  that  cut  the  latter,  but  also  by  the  remarka- 
ble puddingstones  of  gabbro  that  are  formed  by  the  indosure  of 
isolated,  transported  masses  within  the  diabasic  sheets,  f  seen 
in  the  vicinity  of  Beaver  Bay. 

This  basic  eruption  characterizes  this  geological  horizon 
th  roughout  its  extent  in  Minnesota,  but  toward  the  east  it  seems 
not  to  have  been  so  characteristic  It  prevailed  in  some  parts 
of  Oanada]:,  and  disturbances  in  the  so-called  ^^  Quebec  group" 
appear  to  involve  this  horizon  of  rocks.  The  Adirondack  region 
has  not  been  examined  except  about  its  margin.  It  is  believed 
that  this  quartzyte  exists  in  many  places  involved  with  the  gab- 
bro rocks  of  those  hills.  Its  outcrox>s  about  the  flanks  of  these 
hills  have  been  described  ^t  places  where  most  accessible  and 
named  Potsdam  sandstone.  These  descriptions  are  applicable 
to  this  quartz3rte  in  Minnesota — even  to  the  vitrified  surfaces 
that  are  so  common  in  the  west,§  and  which  are  not  known  to 

*0De  immll  knob  of  gabbro  wm  seen  near  Ottor  Tail  Tillage.    Compare  lOth  report,  p.  29. 

t*  Norwood,  In  Owen^i  report  on  Iowa,  Wiwonain  and  Mlnneaota,  p.  866 ;  alao  Ninth  Bep. 
Minn.  8or ,  pp.  cO-81 ;  Tenth  B^  Minn.  Sur.,  pp.  112-118. 

I  G«olog7  of  Canada,  1863,  p.  488, 865, 875, 879 ;  Geology  of  New  York,  1848,  Mather.    Part  I, 
p.  444. 

2 Geology  of  Minnesota,  Vol.  II,  1888,  page  616,  foot  note.    Geology  of  New  York ;  Second  dia-  * 
triet,  Emmons ;  p.  269. 
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have  been  seen  on  any  other  fopmatlon  though  exposed  in  simi- 
lar circamstances. 

Po8t-gdthro  erupti&M  of  the  Potsdam  age.    It  has  been  difficult 
to  affirm,  until  recently,  the  age  of  the  gabbro  outflow.    It  has 
generally  been  considered  to  have  followed  the  Animike(Taconic) 
but  that  it  was  later  than  the  commencement  of  the  Potsdam  was 
not  known  to  the  writer  till  he  made  the  observations  referred 
to  above.*    What  were  the  relations  of  the  later  basic  eruptions 
of  the  '^Kewenawan"  to  the  gabbro  has  been  described  by  Prof- 
Irving  and  by  numerous  other  observers.    There  is  no  reason  to 
affirm  a  long  lapse  of  time  between  them,  sufficient  to  allow  the 
formation  of  an  oceanic  terrane  requiring  special  designation. 
The  later  eruptive  rock  embraced  and  probably  transported 
loosened  masses  from  the  gabbro,  as  evinced  in  the  ''feldspar 
masses"  described  by  Norwood  near  Beaver  Bay  on  the  north 
shore  of  lake  Superior,  and  the  puddingstones  observed  by  the 
writer.    But  this,  rather  than  indicating  a  long  intervening 
timej  seems  to  imply  a  quick  succession  in  the  eruptions,  or  else 
a  continued  elevation  above  the  sea  so  as  to  prevent  the  accu- 
mulation of  intervening  sediments.    That  there  was  no  exemp- 
tion from  sedimentation  after  the  gabbro  is  shown  by,  (1)  the 
absence  of  any  sign  of  ancient  land  surfiekce,  (2)  by  the  contin- 
ued and  frequent   interbedding  of  eruptive  and  sedimentary 
rocks  through  the  entire  Keweuawan  (Geol.  of  Wis.  Vol.  Ill,  p. 
403),  and  (3)  by  the  gradual  transition  of  the  basal  conglom- 
erate of  the  Potsdam,  in  favorable  places,  from  a  siliceous,  or 
pebbly-quartzose,  character,  through  a  siliceous  sandrock  to  a 
feldspathic  sandrock,  and  to  a  pebbly  volcanic  tuff.  Such  transi- 
tions are  frequent  on  the  north  shore  of  lake.  Superior.    One  of 
the  most  important  observations  was  recorded  in  1879,t  when 
the  basal  quartzose  conglomerate  of  the  Potsdam  was  found, 
dipping  in  consonance  with  the  shales  and  tufaceous  conglom- 
erates of  the  overlying  Kewenawan,  in  the  St.   Louis  valley, 
unconformable  over  the  Thomson  slates,  and  embracing  lenticu- 
lar spots  of  shaly  rock  and  red  (Kewenawan)  conglomerate  as 
constituent  and  conformable  parts  of  itself.    This  shows  a  con- 
formable, though  somewhat  intermittent,  course  of  sedimenta- 
tion from  the  basal  conglomerate  into  the  typical  detritus  of  the 
overlying  beds  of  the  Kewenawan;  the  interruptions  and  the 
changes  in  the  nature  of  the  sedimentation  being  attributable  to 

*  sixteenth  ftonual  report,  pp.  86  aud  88. 
t  Tenth  report,  pp.  11, 82,  88. 
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the  eruptiye  distarbanoes  that  took  plaoe  in  the  a^oining 
regions.  It  will  be  seen  at  once  that  this  links  the  Kewenawan 
to  the  gabbro,  and  both  to  the  Potsdam. 

Add  eruptions  during  the  Pottdam.  The  dynamic  forces  that 
operated  to  bring  molten  basic  rock  to  the  surface  of  the  earth 
in  northeastern  Minnesota  also  softened  the  acidic  strata  of  the 
«nper-crast,  which  in  some  places  seems  to  have  culminated  in 
the  molten  protrusions  and  latend  displacements  of  large  masses. 
These  acid  eruptions,  ranging  from  felsitic  to  granitic,  are  of 
•limited  amounts  in  Minnesota  and  Wisconsin.  Sometimes  they 
:are  in  contact  with  the  Taconic  strata  as  at  Duluth  (10th 
Bep.  p.  108),  sometimes  with  the  Potsdam,^  and  sometimes  with 
the  basic  eruptions  of  the  Potsdam,  t  They  are  seen  in  contact 
with  the  Taconic  slates  of  the  original  Huronian  (16th  Beport), 
«nd  there  seem  to  be  the  direct  result  of  change  from  some  sedi- 
mentary, siliceous  strata. 

Whether  this  feature  of  the  Potsdam  is  i>ersistent  through 
•eastern  Canada,  and  in  New  England,  is  uncertain,  owing  to 
the  prevalence  of  definite  ''Laurentlan"  theories  as  to  the  age 
of  most  of  the  granitic  rock  that  geologists  have  studied  in  that 
part  of  the  country.  There  is,  however,  every  reasoii  to  affirm 
a  widespread  and  profound  volcanic  disturbance,  extending  from 
the  Black  Hills,  at  least,  to  Vermont  and  eastern  Oanada,  that 
began  in  the  Potsdam  era  and  closed  with  that  era,  and  that 
«ome  of  its  results  in  the  forms  of  acid  as  well  as  basic  eruptive 
rock,  as  mentioned  above  for  the  Northwest,  must  characterize 
this  formation  in  New  England,  there  is  good  reason  to  expect. 
Indeed  some  descriptions  of  such  phenomena  have  been  pub- 
lished. Dr.  Hitchcock  mentions  some  Potsdam  schists  that  con- 
tain ''veins  of  granite  whose  feldspar  is  labradorite"  (Geol.  of 
Vermont,  Vol.  I,  p.  264).  There  are  many  instances  published 
where  the  slates  of  the  Taconic  including  the  granular  quartz 
are  so  placed  as  to  run  beneath  masses  of  granitic  rock,  but 
such  a  i>o6sibility  has  been  negatived  promptly  by  resort  to 
that  easy  hypothesis  of  a  fault,  to  bring  up  the  '' Lauren tian." 
Dr.  Emmons  describes  such  instances.]:  Similar  flEtcts  have  been 
mentioned  by  Prof.    G.    H.  Hitchcock§  in  New  Hamx>shire, 

•G«o1og7  of  WlMonsln,  Vol.  II,  pp.251, 006, 622. 

t Tenth  MinneMU  report*  p.  110. 

tOeologj  of  New  York:  Second  diitriet,  1S42,  pp.  141, 145, 159.    Agriculture  of  New  York 
lM<,VoLI,pp.6S,M. 

.1  Amerlcui  Oeologiit,  April,  1889,  p.  254.    Qeologj  of  New  Herapshire. 
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although  there  is  no  certainty  that  the  slates  described  by  bim 
are  of  the  age  of  the  Taconic.    Prof.  Hitchcock  makes  it    very- 
apparent   that  the  granites  of  New  England  cannot   all    be 
placed  in  the  Laurentian  any  more  than  they  can  in  Minnesota. 
The  Potsdam  age  closed,  therefore,  with  the  cessation  of  the 
disturbances  and  volcanic  eruptions  which  introduced  it.      The- 
beds  that  were  formed  were  left  in  upturned  and  fractured  atti- 
tudes for  the  attacks  of  the  succeeding  St.  Groix  age.    These- 
strata  embraced  not  only  the  basal  quartzyte  of  the  Potsdam^ 
but  the  gabbro,  and  all  the  succeeding  eruptions  that  are  found 
in  the  Keweenawan.    Here  would  necessarily  appear  a  marked 
and  extended  plane  of  unconformity,  and  this  fsLCt,  when  suffi- 
ciently recognized,  will  be  found  to  distinguish  the  rocks   at 
many  places —  whether  Potsdam  or  St.  Croix — and  be  a  criterion 
by  which  to  judge  of  their  stratigraphic  place  in  the  geological 
column.    In  other  words,  the  Potsdam  is  unconformable  on  the 
older  gneiss  and  slates  and  schists,  and  is  cut  and  covered    by 
eruptions  of  the  same  age  as  itself.    It  would  not  normally  be- 
found  unconformable  on  rocks  of  its  own  age  over  wide  areas^ 
although  contemporaneous  disturbance  might  certainly  produce 
local  non-conformity.    The  later  formations  may  show  non-con- 
formity over  wide  areas  of  the  rocks  of  the  Potsdam,  and  sacb- 
we  find  to  be  the  fsu^t. 

The  age  of  the  8t.  Oroix  sandstone. 

That  it  may  be  made  plain  to  the  reader  just  what  strata  are- 
considered  by  the  writer  the  Potsdam  sandstone,  this  history 
may  be  carried  one  step  further.  This  is  the  more  necessary^ 
inasmuch  as  some  of  the  8tex>s  in  the  history  which  are  well 
known  in  the  Northwest,  have  not  yet  been  recognized,  or  have- 
not  been  admitted  as  facts,  by  most  of  those  who  have  examined 
the  geology  of  the  Champlain  valley.  It  appears  that  a  very 
widespread  succession  of  physical  changes  affected  the  lower 
paleozoic  and  crystalline  terranes  in  America  with  a  uniformity 
of  effect  that  is  surprising,  and  which  leads  to  very  serious, 
questioning  of  the  doctrine  that  formations  can  not  be  recognized 
by  their  lithology  from  place  to  place  because  of  the  liability  to- 
physical  change.  There  is,  in  fact^  a  remarkable  persistence  of 
lithologic  characters,  and  of  stratigraphic  relationship,  betweeot 
Minnesota  and  New  England.  The  satisfactory  establishment  of 
some  points  in  the  geology  of  the  Northwest  throws  much  light 
on  moot  points  in  the  geology  of  the  east.    While  most  of  these 
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coincidences  and  identities  have  to  be  reserved  to  a  later  dis- 
cussion, one  of  the  most  interesting  concerns  immediately  the 
formation  which  is  under  consideration — the  8L  Groix  sandstone 
of  the  Mississippi  valley,  and  its  relation  to  the  Potsdam.  * 

The  separateness  of  the  8t.  Oraixfram  the  Potsdam.  It  has  already 
been  stated  that  some  confusion  has  been  introduced  by  the  use 
of  the  term  Potsdam  by  different  writers  in  different  senses. 
This  began  with  the  early  descriptions  of  the  geology  of  eastern  New 
York,  Vermont  and  Canada.  This  confusion  was  one  of  the  most 
obtrusive  problems  that  confronted  the  writer  in  1872  in  the 
preparation  of  his  first  annual  report.  In  order  that  a  more- 
definite  understanding  might  attach  to  whatever  he  should  be 
called  on  to  publish  respecting  this  horizon  he  chose  to  designate 
the  lower  formation  Potsdam  and  the  upper  one  St.  Oroix,  and 
this  distinction  has  been  observed  in  the  later  publications.  If 
not  correct  it  has  at  least  served  to  give  definiteness  to  all 
his  descriptions. 

This  problem  was  given  pointedness  a  short  time  prior  to  the 
beginning  of  the  Minnesota  survey  by  the  writings  of  Prof.  B. 
D.  Irving,  who  had  shown  that  in  Wisconsin  the  upper  forma- 
sion  was  unconformable  on  thelower.^  Irving's  papers  on  the 
Wisconsin  quartzytes  proved  the  existence  of  two  formations  in 
places  where  hitherto,  by  some,  there  had  been  supposed  to  be 
but  one,  and,  assuming  the  upper,  or  horizontal,  beds  to  be  the 
Potsdam,  based  on  the  conjectures  of  Prof.  James  Hall  published 
in  the  Sixteenth  (N.  Y.)  Regents'  report,  he  announced  the 
upi>er  one  to  be  the  equivalent  of  the  New  York  formation  and 
the  lower  one  he  relegated  to  the  *'  Huronian,"  that  convenient 
limbo  to  which  it  has  been  customary  to  consign  uncertain  strag- 
glers from  the  upper  *' Silurian"  and  from  the  nether  ^'Lauren- 
tian."  It  was  not  presumed  at  that  time  that  the  geology  of  the 
Northwest  would  be  found  to  tally  closely  with  that  of  New  York, 
and  as  there  was  no  mention  of  such  a  great  '^ Huronian" 
quartzyte  there,  nor  in  New  England,  the  presumption  was  that 
the  ''Huronian  "  was  a  formation  that  affected  Canada  and  the 
Northwest,  and  that,  therefore,  this  great  northwestern  quartzyte 
would  not  be  found  further  east  than  the  northern  shore  of  lake 
Huron.  Only  the  ''Potsdam"  was  described  in  eastern  New- 
York. 

Upon  pushing  the  distinction  further  east,  however,  and  upoi> 
making  a  wide  study  of  the  older  terranes,  which,  when  better 
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understood,  are  found  to  exhibit  a  surprising  concord  oi   easeu- 
•tial  features  with  those  of  more  eastern  as  well  as  western 
regions,  it  is  found  that  there  is  every  reason  to  belieire,  not 
^ODly  that  there  exists  the  same  great  underlying  quartzyte  in 
New  England  and  eastern  New  York,  but  that  there  are  unmis- 
takable evidenoes  of  the  same  non-conformity  between  it  and 
ifhe  overlying  horizontal,  or  nearly  horizontal,  beds.    Moreover, 
it  is  equally  plain,  on  making  an  examination  of  descriptions 
that  have  been  published  by  the  eastern  geologists,  that  both  the 
formations  have  been  with  great  i>ositiveness  called  Potsdam 
sandstone.    It  is  very  evident  that  no  little  misunderstanding 
has  resulted  from  a  Mlure  to  observe  and  acknowledge  this 
important  line  of  non-conformity.     But  wherever  it  has  con- 
fronted the  geologist  in  Vermont  or  eastern  New  York,  it  has 
been  glided  over  indifferently  or  has  been  accounted  for  by  some 
•outre  hypothesis,  such  as  '^  overturn"  or  ''  fault,"  or  temporary 
'*  non-deposition,"   or  ^'metamorphism  from  contact  with  the 
Primary." 

In  order  to  support  this  statement  some  references  will  be 
made  to  the  published  descriptions  of  the  '^  Potsdam"  in  New 
'York.  No  reference  will  be  made  to  the  Granular  Quartz  nor 
the  Bed  sandstone,  both  of  which  the  writer  believes,  as  the 
reader  will  have  observed,  are  identically  and  only,  the  Pots- 
dam formation;  but  to  some  statements  concerning  the  '*  Pots- 
dam sandstone"  as  understood  by  the  geologists  who  made 
them. 

Emmons.  In  his  report  on  the  geology  of  the  Second  District, 
1842,  Dr.  Emmons  uses  these  words  in  describing  the  Potsdam 
in  Essex  county — ^'In  consequence  of  this  rock  presenting  two 
•quite  distinct  varieties,  and  those  varieties  being  well  developed, 
the  one  at  Potsdam,  St.  Lawrence  county,  and  the  other  at 
Keeseville,  I  have  sometimes  given  it  a  compound  name — the 
PoUdam  and  KeeseviUe  sandstone;  for  the  reason  that  at  the  former 
place  a  beautiful  granular  variety,  and  at  the  latter  a  harder  and 
more  crystalline  mass  predominates,  which  resembles  the  gran- 
ular qaartz  of  the  Taconic  system."  Near  Keeseville  the  rock 
that  outcrops  he  describes  as  exhibiting  some  interesting  changes 
upon  the  sur&ce  of  the  layers,  presenting  ^'a  smooth  and  semi- 
vitreous  surface — a  kind  of  glazing;"  by  which  he  seems  to  have 
meant  the  same  polished  or  glazed  surface  that  appears  fro- 
•quently  on  the  Potsdam  in  Minnesota.  It  is  plain,  therefore,  that 
.Emmons   noted  the  contrasting  lithology,  but,  so  far  as  the 
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^rriter  lias  observed,  he  did  not  recognize  any  nnoonformity  in 
the  '*  Potsdam,"  or  between  it  and  the  Calciferons. 

E.  EUeheock.  There  is  not  much  doubt  that  Dr.  Hitchcock 
noted  exactly  an  unconformity  between  the  two  formations  at 
'West  Haven  (Geol.  Vermont,  Vol.  I,  p.  265),  but  he  regarded 
the  lower  one  as  a  part  of  the  '^Laurentian,"  and  the  upx>er  as 
tibie  Potsdam.  He  states  that  'Hheonly  way  of  distinguishing  the 
LAurentian  character  of  the  [lower]  deposit  is  by  the  higher  dip 
of  its  strata,  upon  which  the  Potsdam  sandstone  rests  uncon- 
formably.  A  section  passing  across  the  south  end  of  West 
Haven,  in  fig.  168,  represents  the  unconformable  relations  of  the 
Laurentian  rocks  and  the  Potsdam  sandstone  to  each  other. 
Were  it  not  for  this  discordance  in  the  stratification  we  should 
regard  the  lower  rock  as  Silurian  because  it  does  not  differ 
lithologically  from  the  sandstone  above.  But  in  following  the 
«trata  northwardly  the  quartz  rock  becomes  more  gneissoid. 
Some  of  the  specimens  in  the  cabinet  are  very  distinct  gneiss, 
•one  of  them  with  the  labradorite,  the  characteristio  species  of 
the  feldspar  of  the  Laurentian  series." 

Let  the  reader  compare  the  description  of  the  '* quartz  rocks" 
of  the  Laurentian  with  the  following  description  of  the  ''Pots- 
dam" at  the  same  place. 

^'The  third  variety  very  closely  resembles  the  Laurentian 
gneiss.  It  seems  to  pass  into  it  by  insensible  gradations.  The 
specimens  obtained  are  from  the  southwest  part  of  West  Haven. 
All  the  constituents  of  this  rock  are  very  small,  and  occasionally 
the  feldspar  or  the  mica  may  be  wanting  He  *  He  Associated 
with  these  crystalline  schists  are  veins  of  granite,  whose  feld- 
spar is  labradorite.  This  mineral  is  mostly  confined  to  rocks 
below  the  Silurian  system;  and  in  West  Haven  it  extends  only  a 
few  feet  into  the  base  of  the  Silurian,  and  that  in  small  veins 
from  three  to  ten  inches  wide. 

''The  unconformability  of  the  dip  of  this  rock  to  the  Lauren- 
tian beneath  [sic]  may  be  seen  at  the  extreme  southern  point  of 
West  Haven.  Upon  the  lake,  opposite  the  termination  of  the 
railroad  the  dip  of  the  older  rock  is  36^  East,  and  only  a  few 
rods  east  the  dip  of  the  sandstone  is  only  9^  East.  As  the  south 
part  of  West  Haven  terminates  in  a  cliff  this  section  can  be 
seen  distinctly  from  quite  a  distance.  The  rock  with  the  greater 
dip  is  as  distinctly  quartz  rock  as  the  other,  and  there  is  also  a 
large  ledge  of  quartz  rock  upon  the  west  side  of  lake  Ghamplain 
with  the  same  inclination.    Hence  the  sudden  change  in  the  dip 
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is  to  be  regarded  as  a  safer  distinction  between  the  Silurian  and 
Lauren tian  series  than  a  difference  in  lithological  character." 

Setting  aside  Dr.  Hitchcock's  identification,  either  of  the  fol- 
lowing interpretations  of  the  facts,  in  the  light  of  what  has  since 
been  learned  of  the  geology  of  the  Taconic  and  the  g^rannlar 
quartz,  would  be  possible.  (1)  The  lower  rock  is  the  Potsdam 
(granular  quartz)  and  the  upper  is  the  St.  Croix;  or  (2)  Tlie  sap- 
posed  unconformity  is  only  an  illusive  appearance  in  the  same 
formation,  perhaps  false  bedding,  or  oblique  stratification,  or  a 
sheeted  disintegration  which  sometimes  is  su]>erinduced  by 
weathering  even  in  the  firmest  crystalline  rocks.  In  the  light 
of  further  considerations  the  latter  explanation  seems  most 
probable. 

(a)    Prof.  C.  B.  Adams  had  stated  in  his  first  annual  report 
that  the  Potsdam  sandstone  only  reached  within  half  a  mile  of 
the  state  line  near  Whitehall,  and  did  not  enumerate  it  at  all  in 
his  table  of  Vermont  formations.*    If  this  were  true  it  would  be 
necessary  to  consider  this  West  Haven  quartzyte  as  the   Bed 
sandrock  or  the  granular  quartz.    Either  of  these  explanations, 
to  so  strong  an  opponent  of  the  Taconic  as  Hitchcock  was  at 
that  time,t  would  be  avoided  if  possible.    For,  to  class  it  as  a 
part  of  the  Bed  sandrock  spur  that  shoots  southward  from  the 
town  of  Monkton,  the  last  remnant  of  which  his  map  represents 
on  the  south  line  of  Orwell,  bearing  in  a  direction  toward  West 
Haven,  only  seventeen  miles  distant,  would  be  to  bring  the 
'^ Medina  sandstone"  below  the  Calciferous  which  exists  in  the 
immediate  vicinity  and  into  contact  with  the  Laurentian;  which 
would  necessitate  the  abandonment  of  the  ^^metamorphic"  idea 
that  the  Bed  sandrock  and  all  the  Taconic  rocks  were  changed 
conditions  of  the  Lower  and  Upper  Silurian  of  the  Ghamplain 
system  of  New  York.    Also,  to  admit  that  it  is  an  outcrop  of 
the  Granular  Quartz  of  Dr.  Emmons,  would  in  like  manner 
bring  the  Granular  Quartz  beneath  the  Calciferous  and  even 
unc^nformably  beneath   another  sandstone  that  might  be  the 
Potsdam;    this  would   substantially  confirm  everything    that 
Emmons  claimed  for  his  Taconic.      These  alternatives  were 
clumsily  obviated  by  introducing  the  Laurentian.    That  this 
'^Laurentian"  is  the  gabbro  of  the  Potsdam  age  is  probable 
from  the  nature  of  the  feldspar  which  it  is  said  to  contain. 


*Fint  annuftl  report,  Geology  of  Vermont,  1845,  p.  61. 

fit  is  eyideot  that  a  change  of  opinion  was  acoomplliihed  in  Dr.  Hitolioock*t  mind  daring 
the  preparations  of  this  report.    This  is  intimated  In  Vol.  I,  p.  435. 
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W.  W.  Mather.  So  far  as  discoverable  all  the  descriptions  of 
Potsdam  by  Prof.  Mather*  apply  to  the  lower  or  qnartzyte  divi- 
sion. He  notes  repeatedly  his  belief  that  the  Granalar  Qaartz 
is  a  metamorphic  condition  of  the  Potsdam. 

L.  Vantixem  distinctly  mentions  the  same  varieties  of  rock 
in  the  Potsdam  as  Dr.  Emmons,  and  employs  the  doable  desig- 
nation ''Potsdam  and  Keeseville  sandstone,"  bathe  mentions 
no  anconformity.  He  intimates,  however,  that  the  Potsdam,  in 
its  loose-textared  variety,  is  with  difficalty  distingaished  from 
the  Oaldferoas  sandrock.  The  latter  he  describes  at  nameroos 
places  in  immediate  contact  on  the  primary. 

Sir  Wm.  Logan.  In  the  Geology  of  Canada,  1863,  this  formation 
is  amplified  into  ''Potsdam  groap,"  and  inclades  a  thickness,  on 
the  St.  Lawrence  river,  of  540  feet.  This  group  embraces  not 
only  the  trae  Potsdam  bat  several  beds  of  conglomerate,  white 
sandstone  snitable  for  glassmaking,  facoidal  beds,  limestones  and 
a  singular  breccia  like  that  described  by  Emmons  at  Ohazy  and 
said  to  separate  the  Potsdam  from  the  Galciferoos.  The  fauna 
which  appertains  to  the  upper  layers  is  that  characteristic  of 
the  Galciferoos.  It  is  evident  that  the  true  Potsdam  is  here 
confounded  with  the  overlying  St.  Groix-Oalciferous,  and  that 
the  Galciferous  is  restricted  in  the  words  of  Logan,  essentially, 
to  "a  granular  magneslan  limestone  or  dolomite,  which  from  its 
rough  weathered  surface  and  slight  effervescence  with  acids  may 
have  suggested  the  name  of  Galciferoos  sandrock."  In  the 
annual  reports  the  Potsdam  had  not  been  recognized  about  lake 
Huron;  but  the  lower  great  quartzyte  had  been  included,  along 
with  aU  the  strata  equivalent  to  the  Taconic  under  the  term 
Huronian.  His  opinion  of  some  quartzyte  beds  on  Murray  bay 
which  at  first  Logan  regarded  as  Potsdam,  and  which  he  so 
described  (^Oeol.  of  Can.,  1863,  p.  96),  he  modified  by  adding  a  foot- 
note stating  that  it  had  been  ascertained  by  Dr.  Dawson  that 
" these  quartzytes  really  belong  to  the  Laurentian  series." 

James  HaU.  The  Potsdam  sandstone  does  not  occur  in  the 
Fourth  District,  on  which  Mr.  Hall  rei>orted,  but  he  examined 
it  on  the  north  side  of  lake  Ontario,  and  subsequently  on  lake 
Superior  and  in  the  Mississippi  valley.  His  general  description 
in  the  report  on  the  Fourth  District  is  such  as  would  apply  to 
the  lower  qoartzitic  i>ortion. 

In  the  lake  Soperior  report  of  Foster  &  Whitney  (1851)  the 
step  which  was  inaugurated  by  Logan  in  the  creation  of  the 

•G«>lo(7  of  New  York,  Fixst  Dlatrtot,  1848. 
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^^  Potsdam  group,"  embraoing  the  qaartzyte  and  the  overlying 
sandstone  in  one  designation,    was    completed  by  the  entire 
severance  of  the  lower  formation  from  the  name,  and  its  applica- 
tion only  to  the  upper  or  nearly  incoherent  sandstones.     At  the 
same  time  the  qaartzyte,  along  with  all  the  strata  of  the  Taconie 
associated  with  it,  were  incladed  in  the  ^ 'Azoic,"  embraciiig 
both  the  Laurentian  and  Haronlan.    This  upward  movement  of 
the  names  of  the  New  York  formations,  is  shown  by  the  foUowing 
words  (p.  114):    ''The  Potsdam  sandstone  of  New  York  is  a 
quartzose  rock  whose  particles  are  firmly  aggregated,  while  the 
the  same  rock,  on  the  northern  slope  of  lake  Michlgaii,   is  so 
slightly  coherent,  that  it  may  be  crashed  in  the  hand.      The 
Oalciferous  sandstone  of  New  York,  when  traced  west,    jMusses 
into  a  magnesian  limestone."    This  supposed  change  in  the 
nature  of  the  formations  toward  the  west  is  largely  imaginary; 
the  change  seems  to  consist  rather  in  the  transference  of  the 
original  names  to  strata  higher  in  the  scale,  and  the  creation  of 
new  names  for  the  abandoned  strata.     All  the  authors  of  this 
report,   including  Prof.  James  Hall,  apply  the  name  Potsdam 
only  to  the  friable  sandstones  which  are  unconformable  with  the 
Copper-bearing  traps  and  basalts  which,  as  already  shown,   are 
of  the  age  of  the  lower  quartzyte. 

As  to  the  paleontology  of  the  Potsdam  in  New  York,  which  is 
quite  meagre  if  the  more  recent  additions  from  the  Oalciferous  be 
disregarded,  an  interesting  problem  centres  on  the  fossils  Lingula 
(Obolella)  prima  and  (Lingulepis)  antiqua.  By  Prof.  Hall 
these  are  assigned  to  the  Potsdam.  In  respect  to  L.  prima  it  is 
reported  at  Keeseville  on  the  authority  of  Dr.  Emmons,  and  it 
is  reported  from  the  Mississippi  valley  on  the  St.  Croix  river. 
To  the  writer  the  St.  Croix  beds  have  been  known  fbr  some 
years  as  belonging  about  to  the  horizon  of  the  Calciferous,  and 
they  have  been  so  parallelized  by  Irving.*  The  Calciferous, 
here  including  the  magnesian  limestone  known  as  Lower  Dfag- 
nesian,  is  unconformable  on  the  trap  rock,  and,  in  common  with 
the  sandstone  underlying  it,  becomes  conglomeritic  by  reason  of 
such  unconformable  contact.  The  beds  here  exposed  are  not  so 
low  as  the  lower  layers  at  Stillwater  where  the  first  specimen  of 
Dikellocephalus  was  discovered  by  Dr.  Owen.  It  would  seem, 
therefore,  if  we  can  depend  on  the  indications  of  paleontological 
evidence,  that  the  Potsdam  at  Keeseville,  containing  Lingula 
prima  would  be  considered  substantially  the  parallel  of  the  Calcif- 

*U.  S.  G«ol.  8ar.    Monogr.  V.  Copper^bearing  rock,  of  lake  8ap«rior,  p.  446. 
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eroQS  beds  at  Taylor's  Falls  in  the  St.  Croix  valley.  What  are 
the  factsf  On  re-examining  Dr.  Emmons'  description  of  the  sand- 
stone on  the  An  Sable  rirer  in  his  report  on  Essex  county,  ho 
says  that  this  general  range  of  sandstone,  containing  the  Lingola- 
prima  according  to  Hall,  repawa  against  the  hypersthene  rookj  (i.  e., 
the  gabbro)  and  contains  lingnla  antiqna ;  and  Prof.  Hall  cor- 
rects this  indentification  of  Emmons  by  saying  the  species 
figured  by  him  from  this  place  is  not  L.  antiqna  but  L.  acamin- 
ata  of  Conrad,  which  is  a  Caldferous  species,  and  does  not 
occur,  to  his  knowledge,  in  the  Potsdam.*  Therefore  all  the 
evidence  from  paleontology  and  from  stratigraphy,  so  far  as  it 
can  be  gathered  from  the  reporc  of  Emmons  and  the  first  vol- 
ume of  the  Paleontology  of  New  York,  indicates  that  the  beds : 
on  the  St.  Croix  are  the  equivalent  of  those  described  at  Keese- 
ville,  and  that  both  belong  to  the  Oalciferous ;  at  least  that  they 
are  both  later  than  the  eruptive  epoch  of  the  Potsdam  as  here 
limited. 

This  brief  examination  of  some  early  descriptions  of  the  Pots- 
dam of  New  York,  which  might  be  extended  to  include  several 
other  names,  is  sufficient  to  prove  the  truth  of  the  foregoing 
statement  that  the  distinction  which  has  been  made  in  the  North- 
west could  with  propriety  also  be  made  in  the  East,  and  that  a 
plane  of  non-conformity  between  the  Potsdam  and  the  Cal- 
ciferous  extends  through  eastern  New  York  and  Vermont,  and 
that  there,  as  in  Minnesota,  the  upper  (St.  Croix)  sandstone  has 
greater  affiliations  with  the  strata  that  succeeded  the  break  than 
with  those  that  preceded  it. 

In  this  review  it  is  assumed  that  the  ^^  sandstone  at  Potsdam" 
preceded  this  non-conformity.  It  is  evident  that  some  re-exami- 
nation should  be  made  of  the  region  before  this  can  be  considered 
established.  Dr.  Emmons,  in  his  section  passing  from  Canton 
to  Parish ville  (Plate  ix.  Oeol,  of  New  York)  shows  that  gneiss  ex- 
ists at  Potsdam  below  the  sandrock,  and  this  rock  he  always 
keei>s  definitely  distinct  from  hypersthene  rock,  which  he  argues 
was  elevated  at  a  later  date  than  the  Green  mountains.  The 
parallelism  of  position  between  the  Potsdam  sandstone  at 
Potsdam,  and  the  Granular  Quartz,  in  this  respect,  both  lying 
upon  the  gneiss,  not  only  indicates  a  possible  parallelism  of  age, 
1)ut  that  they  are  possibly  older  than  the  Keeseville  sandstone 
which  rests  against  the  hypersthene  rock. 

It  is  further  assumed,  in  this  review,  at  least  in  making  the 

•It  Is  pat  in  the  "PotBdam  groop"  hj  Logmn,  GeoL  of  Can.,  1868,  p.  102. 
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extension  of  the  western  parallels  to  th^  east,  that  the  gabbro  of 
the  Northwest  is  the  chronologic  analogue  of  the  hypersthene 
rock  of  the  Adirondacks.  The  lithology  is  identical,  except 
that  varions  ^limestones''  are  mingled  with  the  hypersthene 
rock  which  have  not,  so  far  as  known,  any  parallels  in  the  gab- 
bro  of  the  Northwest.  This  assumed  paraUeUsm  may  also  be 
set  down  as  not  safficiently  established. 

It  is  also  assumed  that  the  Pewabic  quartzyte  of  northeastern 
Minnesota,  with  which  gabbro  is  interbedded  and  which  lies  below 
the  great  gabbro  overflow,  is  the  equivalent  of  the  Wauswaugon- 
ing  quartzyte  and  of  the  Pipestone  quartzyte  of  the  southwestern 
part  of  the  state  carrying  a  primordial  fauna,  which  last  is  very 
certainly  the  equivalent  of  the  Thessalon  quartzyte  of  the  original 
Huronian.  Still  the  Pewabic  quartzyte  may  not  hold  this  relation 
to  the  Wauswaugoning  beds;  the  connection  has  not  been 
traced;  yet  they  seem  to  be  similarly  situated  with  respect 
to  the  gabbro  sheet,  and  are  not  widely  separated  from  each 
other. 

The  writer  has  attempted  to  indicate  such  general  equivalency 
as  has  appeared  to  him  probable,  and  which  embraces  a  greater 
fund  of  concordant  fact  and  testimony  than  any  other  scheme  of 
chronologic    succession.    He  may  be  wrong  in  some  parts  of 
this  history,  and  especially  in  the  extension  of  the  story  as  made 
out  in  Minnesota  to  eastern  states,  and  holds  it,  in  large  measure, 
as  tentative  at  this  stage  of  the  investigation.    When  fa^ta  can 
be  found  out  sufficient  to  correct  it  in  any  way,  he  will  be  glad 
to  welcome  them,  for  he  freely  admits  that  there  are  questionable 
steps  and  missing  links  in  the  history,  which  have  to  be  bridged 
by  hypothesis  and  nothing  else.    That  is,  however,  the  nature  of 
all  investigation,  and  especially  of  all  attempts  to  formulate  any 
general  truth. 

PROBLEMS  THAT  NEED  FURTHER  INVESTIGATION. 

As  already  stated,  as  this  investigation  has  proceeded^  no 
sooner  did  we  surmount  the  difficulties  which  immediately  beset 
the  first  attempts  than  new  difficulties  appeared.  The  solution 
of  one  problem  seems  to  serve  for  vantage  ground  to  behold 
others  in  the  greater  distance.  It  will  be  desirable  to  mention 
some  of  the  questions  that  appear  at  present  to  require  further 
study,  and  further  field-work.  This  will  distinguish  more  exactly 
the  status  of  our  present  knowledge,  or  body  of  truth  on  which 
we  rely,  from  the  realm  of  hypothesis  or  of  unfinished  work  and 
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research,  to  which  it  will  be  necessary  to  devote  the  efforts  of  the 
survey  at  some  future  date. 

Eruptive  and  sedimentary  Laurentian.  Beginning  with  the 
Laurentian,  as  defined  above,  one  of  the  unfinished  courses  of 
study  relates  to  the  distinctions,  both  geographic  and  structural 
and  petrographic,  between  the  eruptive  masses  of  syenite,^  or 
granite,  and  those  that  are  supposed  to  have  resulted  from 
change  in  sUn  of  the  oldest  sediments.  This  will  involve  the 
further  question  whether  the  '^gneissic  structure"  is  necessary, 
or  even  possible,  in  a  truly  eruptive  rock.  But  first  of  all  it 
will  necessitate  a  correct  definition  of  the  term  '^gneissic  struc- 
ture." 

There  are  three  distinct  ideas  that  have  been  confused  under 
the  term  gneiss,  or  gneissic  structure.  No  reference  is  made  here 
to  the  use  of  the  term  gneiss  as  a  rock  species,  but  to  the  struc- 
ture which  is  supposed  to  distinguish  it,  the  proportionate  amounts 
of  the  usual  mineral  ingredients  being  variable,  and  sometimes 
constituting  a  dark-colored,  perhaps  basic,  rock,  and  at  other 
times  an  acidic  one.  Beferring  only  to  structure,  therefore,  a 
rock  has  been  said  to  be  gneissic  when/oZia^ec^;  but  it  is  plain 
that  there  maybe  different  kinds  of  foliation,  (a)  that  lamination 
which  consists  of  an  undulating  layered  structure,  the  mica 
element  not  being  unevenly  distributed,  but  all  the  scales  being 
parallel  with  the  sheeting,  and  all  the  grain  of  the  rock  having 
a  uniform  structural  rift  which  facilitates  quarrying.  If  there  be 
a  finer  lining  or  sheeting  of  the  mica  element  the  lines  or  sheets 
are  not  continuous  feu:,  and  may  be  seen  to  fade  out  within  a 
distance  of  a  foot  or  two.  That  is  to  say  this  foliation  does  not 
indicate  a  profound  separation  of  the  minerals  of  the  rock  into 
layers  or  long  continuous  sheets,  (b)  A  second  sort  of  foliation 
is  that  which  arises  from  a  distinct  separation  of  the  minerals  of 
the  rock,  or  different  proportions  of  the  constituent  minerals,  into 
sheets  or  strata  that  continue  over  long  distances.  Such  separa- 
tion is  indicated  on  the  weathered  surfeuses  by  color-bands,  and 
by  petrog^phic  differences  of  grain  and  composition.  In  short 
this  foliation  is  plainly  a  modified  sedimentary  structure.  The 
sheets,  or  layers,  or  strata,  into  which  the  rock  is  separated,  are 
traceable  over  large  surfaces.  The  crystalline  condition  of  the 
grain  here  may  be  as  perfect  as  in  the  last,  and  this  constitutes 
the  '' crystalline  schists;"  but  in  many  places  there  is  seen  an 
imx>erfect,  or  interrupted,  crystallization,  the  various  grains 
blending  round  their  borders  into  each  other,  or  being  lost  in  an 
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indefinite  matrix,  or  developing  i)orphyroidallj.  (c>  Still 
another  strnctare  has  been  styled  gneissic.  A  mafisire  homo- 
geneous rook,  which  may  have  neither  of  the  foregoing  kinds  of 
foliation,  but  which  exhibits  the  micaceous  or  hornblendic  ele- 
ment evenly  distributed  in  isolated  individual  grains  throughout 
the  whole,  yet  is  seen  to  have  a  uniform  elongation  of  the  sepa- 
rate crystals,  of  all  kinds,  in  the  same  direction.  This  furnisher 
also  a  kind  of  rift  or  grain  which  pervades  the  mass,  rendering 
it  easier  to  break  in  the  direction  parallel  with  the  greater 
diameters  of  the  crystals  than  in  any  other,  but  it  is  essentiaU  j 
a  massive  non-foliated  rock.  A  massive  structureless  granite,  or 
syenite,  is  rare  to  see.  Hence  by  far  the  greater  part  of  the 
Laurentian,  whether  eruptive  or  sedimentary,  is  pr<^perly  styled 
gneiss.  It  is  obvious,  however,  that  these  three  structures  should 
not  all  be  described  by  a  single  term. 

When  these  structures  are  once  sufficiently  diff^rent|{ited  in 
the  mind  of  the  observer,  and  are  carefully  applied  in  descrip- 
tions, there  will  still  remain  to  ascertain  what  relations  they  6epa> 
rately  sustain  to  the  supposed  two  sorts  of  Laurentian  rocks,  i.  e. 
whether  one  or  the  other  may  be  found  to  characterize  the  act- 
ually eruptive  acid  Laurentian,  or  the  metamorphosed  sedimen- 
tary Laurentian. 

Planes  of  hydro-thermal  fusion^  and  their  relation  to  the  origin  of 
the  crystalline  schists.  A  second  problem  connected  with  the  Lau- 
rentian, and  which  appears  prominently  in  the  horizon  of  future 
research,  relates  to  the  origin  of  the  crystalline  schists. 

It  has  been  stated  above  that  there  is  every  evidence  to  sup- 
pose that  the  eruptive  epoch  which  introduced  the  Vermilion 
age  (i.  e.  the  crystalline  schists)  continued  into  the  Kewatin  (1.  e. 
the  sericitic  schists  and  graywackes)  by  an  unbroken  and  uni- 
form succession  of  events  and  oceanic  deposits.  This  binds  the 
Vermilion  and  the  Kewatin,  historically,  closely  together.  It  haa 
been  said  also  that  the  mineral  characters  of  the  Vermilion  fade 
out  very  slowly  into  those  of  the  Kewatin,  but  that  when  AiUy 
established  the  change  is  so  great  that  the  formations  have  great 
mineralogical  contrasts.  In  other  places  the  crystalline  schista 
have  a  very  feeble  development  at  the  horizon  where  they  would 
be  expected  to  appear,  and  the  Kewatin  graywacke-like  sedi- 
ments pass  into  the  Laurentian  sediments  through  a  gradual 
change  from  g^ywacke  to  gneiss — a  gneiss  having  the  second 
kind  of  foliation  described  above. 
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The  crystalline  schists  seem  to  be,  nearly  always,  as  completely 
crystalline  as  the  gneiss.  If  the  origin  of  the  basic  sediments  of 
the  crystalline  schists  be  akin  to  that  of  the  sericitic  sediments 
of  the  Kewatin,  viz.  from  volcanic  ejeclamenta,  the  qnery  qnickly 
arises — why  are  they  not  similar  in  the  resulting  rocks  t  Why 
are  the  crystsdline  schists  so  uniformly  composed  of  the  same 
minerals  as  make  up  gneiss,  though*  differing  from  gneiss  in  the 
relative  amounts  of  those  minerals  and  in  the  evident  sedimen- 
tary structure,  while  the  Kewatin,  sericitic  schists  are  only  sub- 
crystalline  and  are  often  earthy  f  Is  it  not  plausible  to  suppose 
that  the  crystalline  schists  are  but  a  phase  of  the  earthy  Kewatin 
schists,  due  to  the  encroachment  of  hydro-thermal  fusion-planes 
upon  themf  At  the  present  time  these  beds  all  stand  nearly 
vertical.  If  this  fusion  affected  them  after  this  verticality  was 
attained,  it  may  be  supposed  that  the  approach  of  the  fusion- 
plane  toward  the  surface  of  the  earth  would  be  nearer  in  some 
places  than  in  others.  When  the  fusion  was  accompanied  by 
fracture  more  or  less  of  the  fused  rock-matter  would  be  thrust 
through  the  fissures  and  would  appear  as  eruptive  rock.  Since 
there  are  certainly  places  where  in  the  Kewatin  sediments  such 
fusion,  and  even  such  eruption,  seems  to  have  resulted  from  the 
Kewatin  itself;  and  since  in  the  immediate  vicinity  the  sedi- 
ments adjoining  take  on  over  a  greater  or  less  width,  the  charac- 
ters of  the  crystalline  schists,  and  at  other  places  the  crystalline 
schists  do  not  appear  where  the  Kewatin  sediments  exhibit  that 
peculiar  semi-crystalline  condition  which  has  been  mentioned  as 
'^I>orphyrel,"  it  has  appeared  to  the  writer  that  very  likely  the 
crystalline  schists  have  no  constant  stratig^pMc  place,  any 
more  than  the  Laurentian  gneiss,  and  that  the  '  *  crystalline ' '  phase 
has  been  superinduced  in  9Uu  on  basic  (or  acid)  sediments  in  strata 
of  different  ages,  according  as,  after  being  deposited,  and  even 
after  being  tilted  to  verticality,  the  level  of  hydro-thermal  fusion 
was  able  to  reach  them  or  not.  Therefore,  without  any  undulat- 
ing of  the  actual  strata  in  anticlinal  and  synclinal  folds  (a  sup- 
position which  seems  to  be  precluded  in  some  places  by  the 
extensive  present  vertical  position  of  all  the  strata),  there 
still  might  result,  superficially,  successive  belts  of  rocks  of 
different  kinds.  The  belts  would  express  the  effects  of  hydro- 
thermal  fhsion,  perhaps  on  the  same  sort  of  sediments,  in  differ- 
ent d^rees  of  intensity.  Wherever  erosion  and  denudation 
may  have  been  sufficient  to  bring  the  present  surfiekce  down  to 
the  level  where  the  fusion-plane  operated  in  its  Ml  intensity, 
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there  we  should  find  the  present  surface  rock  to  be  gneiss  if  the 
sediments  were  acidic,  crystalline  schist  if  the  sediments  were 
partially  basic  and  stratiform,  or  eruptive  rock  if  there  vrere  fis- 
sures through  which  such  could  and  did  escape.  Where  the  sur- 
face erosion  has  not  been  sufficient  to  expose  the  upward  (or  the 
downward)  undulations  in  the  plane  of  perfect  fusion,  ^we  find 
the  eart]tiy,  or  volcanic,  or  siliceous,  sediments  more  nearly  in 
their  original  condition. 

Date  of  upheaval  of  the  crydaUine  schists.  Intimately  connected 
with  the  question  of  the  origin  of  the  crystalline  schists  is  the 
question  of  their  date  relative  to  the  epoch  of  their  upheaval^ 
and  the  further,  or  prior,  question  as  to  the  cause  of  the  very 
general  and  extensive  verticality  of  all  the  sedimentary  strata 
that  precede  the  Taconic  (Huronian). 

Nature  and  origin  of  jaspUyte.  Attention  has  been  called  to 
some  points  in  the  investigation  of  this  question  which  need 
further  examination. 

What  is  the  ^^ muscovado  rock t^^  and,  particularly,  does  it  rep* 
resent  a  sedimentary  formation  younger  than  the  Kawishiwin 
and  older  than  the  Taconic. 

COMPABIBON  OF  THESE   BESULTS   WITH  THOSE  BEACHED  SIJ3E- 

whkrk. 

Following  is  a  tabulated  statement  of  the  general  stratigraphy 

supi>osed  to  exist  in  Minnesota,  according  to  the  forgoing 

sketch. 

Catciferous.      Magnesian  limestones  and)   riiv^ii         »• 

sandstones y  Y^^eiooepn- 

St.  Oroix.    Sandstones  and  shales )  aius  Horizon. 


Overlap  nnconfbrniity.    — — — ^— — 

Fotsdam.     Quartzyte,  gabbro,   red 

granite  and  Kewenawan Paradoxides  horizon. 

Overlap  unconformity.    — — — ^— 

Taconic.    Black  and  gray  slates  and 

quartzytes,  iron  ore,  (Huronian,  Ani- 

mike) Olenellus  horizon. 

OTerlap  unconformity.    — — — ^— 

Kewatin    (including   the    Kawishiwin    or^ 
greenstone  belt,  with  its  jaspilyte),  Seri- 

citic  schists  and  graywackes 

Fisrmi^ion  (Coutchiching),  crystalline  schists 
EmptiTe  unconformity.    — ^— — — 

Laurentian.     Gneiss. 


>>Archean« 
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Comparing  this  with  the  results  reached  by  the  late  Wisconsin 
sarvey,  it  is  found  to  differ  considerably  from  the  table  of  forma- 
tions published  by  Prof.  Irving,  in  the  third  volume  of  the  final 
report  of  that  survey,  pp.  92  to  211.  Prof.  Irving  describes  the 
Laurentian  as  composed  of  '^  dark-colored  and  altered  (chloritic) 
hornblende-gneisses  and  pink  quartzose  granites."  These  he 
considers  very  evidently  originally  clastic  rocks,  without  any 
recognizable  eruptive  portions,  and  to  lie  unconformably  below 
the  Huronian.  The  last  he  divides  into  twenty-one  parts,  in  the 
same  manner  as  major  Brooks,  in  his  report  on  the  geology  of 
Michigan.  The  aggregate  thickness  is  supposed  to  be  about 
12,800  feet.  But  in  this  thickness  he  includes  all  the  strata  from 
his  Laurentian  to  his  Kewenawan,  viz.  in  descending  order: 

XXI.     Mica  schist,  with  intrusive  granite. 

XX.    Probably  mica  schist,  like  XXI.* 

XIX.    Greenstone  schist. 

XVni  to  XV.  Alternations  of  black  mica-slate  and  dark 
gray  quartzyte,  or  quartz  schist. 

XIY.  Black  mica-slate.  This  and  the  last  are  carbon- 
aceous. 

XIII.    Chloritic  dioryte. 

XIL    Black  magnetitic  mica-slate. 

XI.    Probably  mica-slates. 

X.    Micaslat«. 

IX.     Chlorite  dioryte. 

Vin.    Probably  mica-slate,  like  VII. 

yn.    Mica-slate. 

VL  '^Peculiar  hornblende  rock,"  containing  also  quartz, 
apatite,  milky  orthoclase  and  rare  plagioclase ;  also  bio- 
tite,  cut  by  pinkish,  coarse,  granite  veins. 

V.    Black  feldspathic  slate,  carbonaceous. 

lY.  The  magnetic  belt;  made  up  of  banded  magnetitic 
quartzyte,  magnetitic  quartzyte,  magnetitic  quartz-slate, 
actinolitic  magnetitic  quartz-slate,  arenaceous  to  com- 
pact and  flaky  quartzyte,  thin-laminated,  soft,  black, 
magnetitic  slate,  hematitic  quartzyte,  garnetiferous  ac- 
tinolite-schist  or  eclogite  schist,  and  dioryte. 

III.  Siliceous  slate  or  schist,  a  light-gray,  soft,  mica-schist, 
sometimes  a  fine  quartzyte. 

II.    Arenaceous  quartzyte. 

I.    Crystalline  limestone. 
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For  greater  details  respecting  these  parts  the  reader  is 
referred  to  Vol.  HI,  Wisconsin  geological  rei)ort,  pp.  106-166. 

The  Kewenawan  system  Prof.  Irving  here  describes  as  con- 
sisting of  a  'Hower  division,  embracing  chiefly  great  flows  of 
gabbro,  diabase,  and  melaphyr,  and  an  npper  division  oomi>osed 
chiefly  of  reddish  feldspathic  sandstone,  subordinate  to  which 
are  heavy  beds  of  bonlder-conglomerate,  indurated  gray  and 
brown  quartzless  sandstone  and  black  shale."  Among  its 
eruptive  rocks  he  includes  gabbro,  diabase  and  diabase  amygda- 
loid, melaphyr,  granite  and  porphyry,  the  last  being  possibly 
clastic.  Among  its  fragmental  he  notes  boulder-conglomerate, 
black  and  gray  shales,  gray  and  brown  quartzless  sandstone  and 
red  sandstone  and  shale. 

UncoDformable  over  the  last  he  places  the  light-colored  '4ake 
Superior  or  Potsdam  sandstone,"  which  he  considers  either  the 
^'equivalent  or  dowifward  extension  of  the  Potsdam  sandstone 
series  of  the  Mississippi  valley." 

It  is  evident  that  in  this  description  there  is  included  nothing 
that  answers  to  the  Kewatin  and  Kawishiwin.  It  api>ear8  that 
a  feeble  representation  of  the  crystalline  schists  is  noted  in  con- 
nection with  tlie  Laurentian,  as  ''dark  hornblende  gneisses." 
Essentially  all  of  these  parts,  from  No.  I  to  No.  XX  inclusive, 
are  the  Animike  of  northeastern  Minnesota,  the  real  Huronian 
without  the  overlying  Thessalon  quartzyte.  Accx)rding  to  obser- 
vations already  recorded  this  overlying  unconformable  quartz- 
yte is  in  northern  Minnesota  interbedded  with  gabbro  sheets, 
and  the  great  gabbro  flood  lies  on  the  lower  portions  of  it.  It  is 
a  natural  inference  that  ia  an  epoch  of  successive  volcanic  erup- 
tion like  that  which  followed  the  gabbro  outflow,  a  quartzyte 
would  locally  lose  its  typical  character,  and  would  be  converted 
to  feldspathic  sandstones,  conglomerates  and  shales,  and  that 
these  would  be  interbedded  with  the  eruptive  sheets.  Such 
seems  to  have  been  the  case  in  northern  Wisconsin  and  in  north- 
eastern Minnesota  within  the  area  aflected  by  this  remarkable 
series  of  eruptions.  But  in  central  Wisconsin,  as  well  as  in 
southern  Minnesota,  and  in  S.  Dakota,  the  normal  conditions 
again  prevailed,  and  a  similar  quartzyte  is  found  to  exist, 
repeating  the  sedimentary  succession  that  obtains  in  the  area  of 
the  original  Huronian. 

The  peculiar  "  mica  schists  "  cut  by  intrusive  granite,  repre- 
sented to  overlie  all  the  rest  of  the  Huronian,  seem  not  to  have 
been  identified  in  Minnesota.     There  is,  in  connection  with  the 
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^abbro,  in  noitheaBtera  Minnesota  a  large  amoont  of  red  gran- 
ite, passing  to  felsy  te  such  as  that  seen  at  the  Great  Palisades^  on 
the  north  shore  of  lake  Superior.  It  is  possible  that  in  connec- 
tion with  this  granite  wiU  yet  be  found  some  micaceous  schists 
answering  to  these  in  Wisconsin,  the  result  of  metamorphism 
from  some  of  the  Animike  beds. 

Prof.  Charles  E.  Wright  and  major  T.  B.  Brooks,  who  report, 
in  the  same  volume,  on  some  of  the  crystalline  rocks  of  Wiscon- 
sin, present  substantially  the  same  classification.  But  they  dis- 
tinctly include  the  '^  crystalline  schists''  in  the  Lauren tian« 
Brooks,  who  made  out  this  order  first  in  the  Marquette  region, 
and  gave  the  parts  similar  numerical  designations,  groups  them 
in  three  principal  i>arts,  viz.: 

Upper  EuroniaUj  Beds  XIV  to  XX, 
Mica  slates,  mica  schists,  granites  and  gneisses. 

Middle  HuraniaUy  Beds  VIII  to  XIII 
Quartzy  tes,  clay  slates  and  obscure  soft  schists. 

Lower  Hwronian,  Beds  I  to  VIL 
Quartzyte,  marble,  iron  ore,  novaculite. 

Brook's  stratigraphic  scheme  is  subject  to  criticism,  and  is 
ambiguous  and  certainly  incomplete,  although  for  a  pioneer 
attempt  to  set  the  stratigraphy  of  the  region  of  Marquette  into  a 
semblance  of  chronological  succession  it  deserves  great  praise, 
for  it  supplies  the  first  general  classification  and  gives  form  to  a 
tangled  mass  of  variant  and  unfinished  observations  and  isolated 
&cts  that  had  been  published  before.  Since  the  examinations 
made  by  Brooks  the  whole  country  has  been  much  cleared  up, 
many  new  openings  have  been  made  and  the  geology  is  much 
easier  to  ascertain  with  certainty  than  ever  before.  Dr.  C. 
Bominger,  in  a  later  survey,  was  aided  by  some  of  these  advan- 
tages, and  in  some  instances  he  was  enabled  to  correct  the  strati- 
graphic  scheme  of  major  Brooks.  His  rex>ort,  however,  is,  as  it 
professes  to  be,  mainly  a  description  of  facts,  without  much 
efibrt  to  decipher  the  stratigraphy. 

Dr.  Bominger  hesitated  about  placing  the  granitic  rocks  of  the 
Marquette  district  as  the  parallel  of  the  Laurentian  of  Canada, 
although  he  regards  the  rest  of  the  series,  with  some  noteworthy 
dififerences,  as  the  Huroniau.  He  rejects  the  twenty  subdivis- 
ions made  by  Brooks,  as  altogether  too  numerous  and  somewhat 
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yagae,  and  some  of  them  he  omits  from  the  sncoession,  regard- 
ing  them  as  intmsive  masses  belonging  really  to  lower  horizons. 
The  two  qaartzyte  members,  of  Brooks^  he  considers  bat  one. 
With  slight  exceptions  Dr.  Bominger^s  descriptions  and  classifi- 
cation are  in  accord  with  the  general  stratigraphy  and  all  the 
geology  of  the  Northwest  as  now  held  by  the  writer.  Those 
exceptions  consist,  principally^  in  dividing  the  strata  concerned 
into  two  distinct  formations,  separated  by  a  plane  of  anoonform- 
ity  which  exists  everywhere  and  is  observable  (and  has  also 
been  mentioned  many  times  by  him),  in  the  iron  regions  of  both 
Minnesota  and  Michigan.  Brooks  paid  bnt  very  little  attention 
to  the  rocks  embraced  by  Bominger  in  his  serpentine  and  diorit- 
ic  groups.  Bat  these  constitute,  iii  accordance  with  the  con- 
clusions of  this  report,  the  basement  floor  on  which  the  true 
iron  bearing  formation  makes  an  unconformable  overlap  succes- 
sion, and  are  the  southen^  representatives  of  the  sericitio  and 
chloritic  schists  and  graywackes  of  the  Kewatin.  Another  im- 
X>ortant  difference  concerns  the  great  quartzy  te  of  the  Marquette 
region.*  Dr.  Bominger  considers  it  a  constituent  part  of  the 
conformable  strata  of  the  Huronian.  I  think  sufficient  evidence 
exists  for  removing  it  from  the  system  that  embraces  the  ore 
beds,  and  placing  it  as  an  unconformable  overlying  stratum,  the 
equivalent,  nevertheless,  of  the  great  upper  quartzyte  member 
of  the  original  Huronian.  Again,  the  arenaceous  slate  group, 
and  the  iron  group,  appear  to  the  writer  to  be,  if  not  identical, 
very  closely  associated  members  of  the  grand  series,  and  not 
worthy  of  separate  designation.  One  may  overlie  the  other,  in 
general,  but  they  probably  graduate  into  each  other  lithologi- 
cally  and  stratigraphically. 

In  making  comparisons,  however,  the  most  interesting  are 
found  to  subsist  between  this  work  and  that  of  Mr.  A.  C  Lawson, 
of  the  Canadian  survey.  In  the  examination  of  the  geology  of 
the  Lake  of  the  Woods  Mr.  Lawson  encountered  a  series  of  rocks, 
which,  while  included  by  his  predecessors  in  the  Huronian,  dif- 
fered markedly  from  the  descriptions  of  the  original  rocks  of  the 
Huronian  as  published  by  the  Canadian  survey,  and  he  gave 
them  the  name  which  is  used  by  the  Minnesota  survey, — the 
''Keewatin."  These  he  inferred  to  lieun  conformably  below  the 
Animike,  found  farther  southeast,  and  they  were  subsequently 
traced  continuously  to  the  north  side  of  Onnflint  lake,  and  found 
to  become  th^re  the  very  same  strata  which  the  Minnesota 
survey  had  already  described  as  unconformable  below  the  Ani- 
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mike,  but  whi^h,  however,  were  not  fdlly  wrought  out  by  the 
Minnesota  survey,  nor  identified  as  different  from  the  Huronian. 
In  the  later  prosecution  of  the  work  in  Minnesota  this  wide- 
spread unconformity  has  been  fully  recognized,  and  the  separate- 
ness  of  the  strata  above  it  from  those  below  has  been  established 
beyond  all  question. 

A  still  ftirther  interesting  parallel  between  the  work  of  the 
Minnesota  survey  and  that  of  Mr.  Lawson  consists  in  the  sepa- 
ration of  the  crystalline  schists  from  the  Kewatin,  under  a 
distinct  name,  and  the  recognition  of  some  (at  least  local)  uncon- 
formity due  to  eruptive  action  between  them  and  the  Laurentian 
gneiss.  Mr.  Lawson  gave  them  the  name  Goutchiching,  not 
including  in  them  the  basic  eruptive  rock  associated  at  this 
horizon,  and  this  survey,  about  the  same  time  applied  to  them 
the  name  Vermilion,  but  included  in  them  aU  the  eruptive  basic 
rock  which  appeared  to  grade  off  in^  dark  and  hornblendic 
schists  and  to  micaceous  schists.  By  Mr.  Lawson  this  eruptive 
belt  is  considered  as  of  later  date  than  the  schists,  and  perhaps 
as  late  as  the  Kewenawan,  but  by  the  writer  it  is  regarded,  so 
far  as  seen  in  Minnesota,  as  having  actually  preceded  the  crys- 
talline schists,  and  really  to  be  the  most  obtrusive  agent  in  the 
introduction  of  the  lithology  that  characterizes  the  crystalline 
schists.  The  principal  eruptive  rock  was  the  acid  Laurentian 
gneiss,  according  to  Lawson,  but  according  to  this  survey  it  was 
the  basic  doleryte. 

There  are  minor  differences,  such  as  that  touching  the  eruptive 
nature  of  gneisses,  the  later  date  of  the  Laurentian,  the  character 
of  the  thin,  interleaved,  gneissic  strata  between  thin  sheets  of 
mica  schists,  sometimes  reaching  100  or  more  alternations,  and 
others,  which  will  furnish  subjects  for  future  research.  But  the 
general  concord,  in  the  main  results,  between  the  conclusions  of 
Mr.  Lawson,  and  those  expressed  already,  in  this  report,  on  the 
succession  of  the  principal  steps  in  Archean  stratigraphy,  is 
certainly  a  cause  of  satisfaction,  and  gives  corroborative  evidence 
of  the  correctness  of  the  conclusions  arrived  at. 

It  is  not  necessary  to  make  comparisons  between  these  results 
and  those  of  New  England  geologists.  There  is  not  sufficient 
evidence  yet  that  the  New  England  crystalline  rocks  can  be 
assigned  unexceptionably  to  the  Archean.  It  has  not  escaped 
observation,  however,  that  there  are  many  general  concordances. 
Especially  is  this  true  of  the  report  on  the  New  Hampshire 
crystalline  rocks  by  Prof.  G.  H.  Hitchcock.  It  is  believed  by 
VoL  in— 10. 
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the  writer  that  the  same  strata  extend,  with  characteristic  lith- 
•ology,  through  the  Archean  terranes  of  New  England,  and  that 
they  will  be  identified  by  and  by  with  all  the  necessary  evi- 
dence. 
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BEPORT  OF  FIELD  OBSERVATIONS  MADE  DURING 
THE  SEASON  OF  1888,  IN  THE  IRON  REGIONS  OF 
MINNESOTA.  ^ 

ByH.  V.  WincheU. 

The  object  of  this  report  ia  simply  to  place  on  record  the  facts 
obserTed  and  noted  during  the  summer  of  1888  regarding  the 
geology  of  the  region  east  of  Tower,  paying  particular  attention 
to  the  iron  ore  deposits.  During  the  months  of  July,  August, 
September  and  October  an  attempt  was  made  to  visit  all  the 
outcrox)s  of  iron  ore  east  and  south  of  Ely,  for  the  purpose  of 
making  notes,  collecting  specimens*  and  learning  the  relation  of 
the  oiffi  to  the  rocks  of  ttie  region,  as  well  as  its  extent  and  proba- 
ble value.  In  many  cases  reported  by  explorers  and  so-called 
''exi>erts'^  it  was  found  that  their  accounts  either  exaggerated 
greatly  the  amount  of  iron  ore  to  be  found  at  any  si>ecified 
place,  or  else  that  there  was  no  iron  ore  there  at  all — noth- 
ing but  iron-rusted  rocks  or  beds  of  heavy  dark  dioryte,  or  even 
no  signs  of  iron  at  all. 

Begwn  traversed.  The  first  month  was  spent  in  examining  the 
magnetic  ore  belt  which  lies  along  the  north  edge  of  the  gabbro 
and  the  south  side  of  the  Giant's  range.  A  party  consisting  of 
the  writer  and  Mr.  W.  D.  Willard,  of  the  State  University,  with 
Indian  packers,  went  overland  from  Birch  lake  to  the  Duluth 
and  Iron  Range  railroad  along  the  Giant's  range,  making  fre- 
quent cross-sections  of  the  rocks  and  examining  all  the  worlpngs 
in  the  magnetite  prosecuted  there  in  past  years.  After  return- 
ing to  Birch  lake  the  same  belt  of  ore  was  followed  northeast- 
wardly into  Twp.  63-10  on  the  Kawishiwi  river. 

During  the  remainder  of  the  season  the  party  led  by  Mr.  Uly. 
8.  Grant,  assisted  by  Mr.  A.'  D.  Meeds  was  also  engaged  on  the 
investigation  of  the  iron  ores.  A  trip  southward  to  lake  Supe- 
rior was  taken  through  an  unexplored  part  of  the  country,  and 
the  various  lakes  along  the  route  were  examined.    The  parties 

*The  •peciniMii  coUeotod  bj  H.  V.  WlncheU  an  nnmbend  in  pink  shellao  nnd  alooliol,  and 
tisTe  Um  UMtar  H  following  the  nomben. 
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then  proceeded  to  Onnflint  lake  and  worked  for  a  month  south- 
westwardly.  Mr.  Grant's  party  made  two  or  three  extended 
trips  to  the  south  for  the  purpose  of  visiting  reported  iron  loca- 
tions, reaching  Brule  lake  and  lake  Alice  and  making  notes  on 
the  geology  of  their  shores.  The  other  party  followed  the  north- 
em  edge  of  the  gabbro  to  connect  with  the  observations  made 
from  Birch  lake  northeastward,  closing  by  examining  some  of 
the  jasper  and  ore  beds  in  the  vicinity  of  Snowbank  lake. 

All  the  outcroi>s  of  magnetic  ore  that  could  be  learned  of  were 
visited, — with  the  exception  of  one  or  two  remote  places  diffi- 
cult of  access  and  which  were  in  all  probability  in  the  gabbro. 
Also  a  great  many  exposures  of  hematite  wlsre  examined  and 
many  new  facts  obtained  regarding  its  occurrence  and  relations 
to  the  surrounding  rocks.  ,  -  % 

The  importance  assigned  by  many  of  the  explorers  to  a  small 
bed  of  jasper,  or  jasperoid  rock  in  the  crystalline  or  earthy 
schists,  is  often  amusing.  On  the  strength  of  such  a  discovery 
they  will  recommend  the  purchase  of  extensive  tracts  of  land  and 
the  operation  of  a  diamond  drill  on  the  spot  or  in  the  vicinity  ^ 
being  certain  that  the  presence  of  the  jasx>er — not  always  even 
in  situ — is  a  sure  indication  of  the  proximity  of  a  valuable  body 
of  ore.  They  do  not  seem  to  realize  that  jasper  is  not  iron  ore 
and  that  a  mountain  of  jasper  is  no  sign,  in  itself,  of  iron  ore  any 
more  than  of  any  other  mineral. 

Another  erroneous  idea  which  has  gained  prevalen<)e  is  that  a 
bed  of  ore  is  sure  to  improve  the  farther  it  is  followed  toward 
the  center  of  the  earth.  The  contrary  is  often  true,  and  it  ia 
evident  that  while  the  grade  of  the  ore  may  improve  and  the 
quantity  of  it  may  increase  with  the  depth  of  a  shaft,  yet  there 
is  no  reason  to  expect  such  a  thing.  Therefore  it  is  a  iK>or  in- 
vestment to  buy  land — or  rock — which  contains  a  small  per 
cent  of  iron  on  top,  and  base  hox>es  of  a  paying  investment  on 
the  expectation  of  finding  it  to  be  high  grade  ore  50  or  100  feet 
from  the  surface. 

It  is  surprising  what  credit  is  given  by  capitalists  to  any  man, 
who,  with  no  knowledge  whatever  of  mineralogy  or  geology, 
and  therefore  no  judge  of  the  probability  of  finding  ore  in  a  cer- 
tain locality,  has,  however,  the  assurance  to  tell  them  that  there 
is  iron  in  such  and  such  a  place  if  they  will  only  put  in  a  shaft 
and  ^'open  up  the  mine."  On  the  strength  of  such  recommen- 
dations as  these  thousands  of  acres  of  land  have  been  bought  at 
a  high  price,  which  are  utterly  destitute  of  iron  ore  and  are. 
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perhaps,  nothing  but  cedar  swamps  or  hills  of  bare  rock;  and  in 
many  places  there  are  abandoned  pits  and  machinery  where  not 
only  shafts  but  fortunes  have  been  sank  in  hasty  and  profitless 
prospecting  and  blasting.  The  machinery  and  supplies  have 
been  ^'packed"  thither  at  great  expense,  and  men  employed  at 
high  wages  tp  dig  for  iron  when  a  x>er8on  who  is  at  all  acquainted 
with  the  geology  of  the  region  would  have  told  in  a  short  time 
that  there  was  no  use  whatever  in  si>ending  a  cent.  In  two  or 
three  places  shafts  were  seen  sunk  in  greenstone  where  there  was 
not  the  slightest  indication  of  iron  nor  even  a  bit  of  jasper  to 
mislead  the  anxious  searcher  for  wealth;  all  because  it  was  ^'on 
the  iron  range.'' 

Such  hasty,  ill-advised  proceedings  always  serve  to  bring  a 
region,  no  matter  how  valuable  in  reality,  into  disrepute,  and  to 
weaken  the  confidence  of  capitalists  all  over  the  country  who 
attribute  these  losses  and  fiBdlures  to  the  wrong  cause  and  are, 
therefore,  deterred  from  investing  their  own  capital  in  the  really 
valuable  and  profitable  localities. 

But  however  much  money  may  have  been  hopelessly  squan- 
dered in  the  search  for  iron  in  barren  regionSf  yet  a  great  deal 
has  been  employed  in  the  development  of  new  and  rich  iron 
deposits  during  the  past  year.  The  D.  &  I.  B.  B.  has  been 
extended  25  miles  to  Ely,  south  of  Long  lake,  from  which  place 
were  Khipped  1,200  tons  of  ore  daily  for  about  two  months  of  last 
season.  This  ore  all  came  from  the  Chandler  mine,  which  has 
put  in  a  fine  plant  of  machinery  and  hoisting  apparatus  and  will 
be  ready  for  much  larger  shipments  next  year.  The  Pioneer 
and  Zenith  mines  will  also  be  in  a  condition  to  produce  a  large 
amount  of  high  grade  ore  in  1889.  These  mines  are  located  east 
of  the  Chandler  at  Ely.  At  several  other  places  in  the  same 
vicinity  large  crews  of  men  have  been  at  work  uncovering  and 
oi>ening  up  promising  deposits  of  iron  ore. 

There  has  also  been  some  attention  paid  to  the  Animike 
magnetite,  and  in  several  places  around  Birch  lake  shafts  and 
drillings  have  been  made.  None  of  these,  however,  seem  to 
have  met  with  success,  as  the  ore  is  not  found  in  paying  quantity. 

More  extensive  ore-beds  have  been  found  west  of  Ounfiint 
lake  in  Twp.  65-4  than  elsewhere  in  this  formation.  Work  will 
be  commenced  in  this  region  as  soon  as  railroad  fieusilities  can  be 
obtained.  In  the  following  notes  each  of  these  outcrops  and 
workings  is  described  in  detail. 

iVinc^poZ  varieties  of  iron  ore.     It  is  well  known  by  those 
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fiEuniliar  with  the  geology  of  northeastern  Minnesota  that  there 
are  three  principal  kinds  of  iron  ore.  These  are  found  in  con- 
nection with  three  different  formatioQS.  The  first  kind  is  red 
hematite  which  is  found  interbedded  with  jasper  in  folded  and 
crumpled  beds  that  occur  in  what  has  been  called  the  Keewatin 
formation.  This  is  the  ore  which  has  been  mined  so  extensively 
and  is  in  such  demand  by  the  manufacturers  of  steel  using  the 
Bessemer  process.  Many  analyses  have  been  published  hereto- 
fore. The  second  kind  is  a  fine-grained  glistening  magnetite 
which  is  generaUy  found  in  nearly  horizontal  beds  of  quartzyte 
supposed  to  be  a  part  of  the  Huronian  formation.  This  is  the 
ore  which  was  first  worked  before  the  Vermilion  lake  ore  had 
been  thoroughly  tested  or  investigated.  It  has  not  been  found 
in  quantities  sufficient  to  pay  for  mining  until  quite  recently 
when  large  beds  of  it,  west  of  Ounflint  lake,  have  been  pene- 
trated by  diamond  drills.  This  is  a  high  grade  ore  and  contains 
no  titanium.  An  analysis  of  a  specimen  from  N.  E.  i  sec  23, 
60-13  gave  the  following,  according  to  Mr.  C.  F.  Sidener: 

Pwoent. 

Silica,  Si  O2 .'. 11.89 

Alumina,  AI2O,. .34 

Magnetic  oxide  of  iron,  Fes04 87.00 

Lime,  CaO 20 

Magnesia,  MgO .80 

Titanium,  Ti None 

Phosphorus,  P 056 

Sulphur,  8 


100.246 
Metallic  iron,  Fe 63.07 

The  third  variety  of  iron  ore  is  also  magnetite.  It  is  coarse 
and  has  a  duller  lustre  than  the  Animike  ore  and  is  not  so 
strongly  magnetic.  It  is  found  in  many  places  in  the  gabbro, 
which  sometimes  contains  so  much  of  it  that  it  seems  to  be  pure 
magnetite.  This  ore  almost  always  contains  a  large  amount  of 
titanic  acid  which  ruins  it  for  merchantable  ore,  with  only 
present  methods  of  reduction.  Immense  deposits  of  this  titanif- 
erous  ore  are  found,  and  most  of  them  have  been  purchased  from 
the  U.  S.  government  in  the  hope  of  being  able  to  conduct  remu- 
nerative mining  operations.  When  a  method  for  reducing  titan- 
iferous  ores  cheaply  is  discovered  such  iron  ore  will  be  valuable; 
ibut  until  then  it  is  worthless. 
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An  analyslB  of  a  sample  of  this  ore  from  sec.  36,  63-10  as 
reported  by  Mr.  G.  F.  Sidener  is: 

r«r  cent 

fiilica,  SiOa 11.37 

AlnmiDA,  A1,0,^ 1.32 

Magnetic  oxide  of  lion,  FesO^ 53.33 

Protoxide  of  iron,  FeO 14.42 

Oxide  of  titaniam,  TiO, 16.03 

lime,  CaO 10 

Magnesia,  MgO 2.78 

PhoaphoroB,  P .01 

Snlphor,  S Traces 

09.31 

MetalUc  iron,  Fe 49.40 

These  are  the  principal  kinds  of  ore.  Bat  there  are  various 
modifications  and  combinations  of  them  which  would  not  come 
strictly  under  any  one  of  the  three  heads.  There  are,  for 
instance,  magnetite  beds  in  the  Keewatin;  sometimes  mixed 
with  hematite;  sometimes  all  magnetite.  On  the  other  hand 
there  is  hematite  and  even  limonite  in  the  Animike;  and  there 
are  extensive  fragments  of  the  Animike  formation  inclosed  in 
the  gabbro  which  thus  appeai-s,  on  a  hasty  examination,  to  con- 
tain non-titaniferous,  fine-grained  magnetite.  The  gabbro  is 
thus  found  to  be  the  only  rock  which  always  contains  the  same 
kind  of  iron  ore — (titaniferous  t)  magnetite. 

GIANT'S    RANGE. 

'  The  first  work  of  the  season  was  done,  as  above  stated,  on  the 
tsyenite  range  south  and  southwest  of  Birch  lake.  The  trail 
which  leads  from  the  lake  to  the  Duluth  and  Iron  Bange  B.  B. 
-starts  from  the  sandy  bay  in  sec.  32,  61-12.  It  runs  nearly  south 
for  two  or  three  miles  after  becoming  established.  It  is  a  poor 
trail  but  grows  better  as  the  railroad  is  approached.  South  from 
Birch  lake  the  country  rises  rapidly,  and  the  aneroid  indicated 
a  hight  of  225  feet  at  a  point  a  mile  and  a  half  from  the  lake. 
Bidges  composed  of  drift  containing  syenite  boulders  are  crossed 
until  in  the  S.  W.  i  sec.  8, 60-12  a  ridge  of  massive  syenite  rises 
quite  suddenly  over  200  feet  more.  This  is  the  Giants'  range, 
480  feet  by  aneroid  above  Birch  lake.  Before  reaching  the 
ridge  some  huge  boulders  of  syenite  and  dioryte  are  seen.  This 
ridge  is  here  composed  of  coarse  reddish  syenite  containing 

VoLHI— 11. 
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much  blue,  dhaloedonic  quartz  in  grains  one-qnarter  of  an  incb 
in  diameter.  The  pink  orthoclase  is  frequently  x>oiphy^i^<^ 
The  hornblende  is  somewhat  decayed  in  all  the  specimens 
observed,  probably  beoause  they  came  from  near  the  weathered 
surfiAce.    Samples  of  this  rock  are  357. 

The  drift  on  the  north  side  of  the  ridge  is  reddish  and  con- 
tains many  boulders.  On  the  south  side  of  the  syenite  ridge  the 
land  is  from  100  to  150  feet  lower  than  the  summit  of  the  ridge. 
Some  immense  boulders  are  seen. 

At  i  mile  south  of  the  S.  E.  comer  sec  7,  60-12  there  are 
seen  numerous  angular  fragments  of  olivinitic  magnetite  pro- 
jecting through  the  moss.  These  pieces  contain  thin  strata  of 
good  iron  ore;  they  seem  to  lie  just  on  top  of  the  solid  rook  and 
to  have  been  moved  from  their  original  place  by  the  action  of 
frt)st.    Samples  are  numbered  358. 

The  trail  leads  through  a  swamp  for  the  next  half  mile.  Just 
north  of  the  small  creek  which  crosses  the  line  between  sees.  17 
and  18,  60-12  there  is  an  exposure  of  solid  rock.  It  lies  in  strata 
which  dip  S.  S.E.  10''-12''.  The  rock  is  olivinitio  and  contains 
considerable  magnetite  both'as  a  constituent  of  the  rock  itself  and 
in  veins  which  coincide  nearly  with  the  direction  of  the  bed- 
ding. This  rock  looks  much  like  a  quartzyte  but  contains  a 
large  proportion  of  olivine.  Samples  from  here — S.  W.  i,  S. 
W.  }  sec  17,  60-12— are  359.  The  rock  is  finegrained  and 
greenish;  it  is  overlain  by  a  very  light  covering  of  drift. 

Book  similar  to  the  last  is  exposed  in  places  as  fea  south  as  the 
E.  quarter  post  sec  19,  60-12.  The  needle  dips  about  N.  50"^ 
over  this  entire  distance. 

In  the  N.  E.  corner  of  sec  19,  60-12  is  a  shaft  about  ten  feet 
deep.  Indian  John  Beargrease  says  it  was  dug  about  14  years* 
ago  by  Peter  Mitchell.  After  penetrating  about  five  feet  of 
drift  the  bed  rock  is  enc^ntered.  It  is  the  same  greenish,  oli- 
vinitic quartzyte  containing  magnetite.  The  needle  dips  N.  57^. 
Specimens  from  here  are  360.    Some  of  this  rock  is  slaty;  361. 

Another  shaft  has  been  made  in  N.  W.  i  of  N.  B.  }  sec  19, 
60-12.  The  rock  here  is  quite  similar  to  the  last;  some  of  it 
is  very  thin-bedded.  A  sample  from  this  shaft  ediowing  fine 
stratification  is  362. .  There  is  very  little  good  ore  visible  here^ 
though  the  needle  dips  90^. 

A  smoothed,  black  exposure  of  ferruginous  quartzyte  several 
acres  in  extent,  appears  on  the  surfiEuse  of  the  ground  in  the  N. 
W.  i  of  N.  E.  I  sec  19,  60-12.    The  rock  and  magnetite  both 
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weather  shiny  black,  and  the  metallio  lustre  gives  one  the  idea 
that  he  is  standing  on  a  hill  of  pure  iron.  Sample  of  good  ore 
from  here  is  36S. 

In  the  K.  W.  i  sec.  19,  60-12  there  is  a  ridge  composed  of 
sjenite  boulders  three  to  ten  feet  in  diameter.  This  ridge  is  50 
feet  high  and  extends  for  half  a  mile  at  least  running  nearly 
east  and  west.  It  is  wonderful  to  see  these  immense  rounded 
masses  of  syenite  (one  boulder  of  quartzyte  was  seen  among 
them)  piled  up  on  top  of  each  other  with  crevices  ten  or  fifteen 
feet  deep  between  them.  Ko  rock  is  seen  in  the  woods  on  the 
south  side  of  this  ridge,  with  the  exception  of  a  few  boulders. 
This  moraine  seems  to  lie  just  south  of  the  magnetic  quartzyte. 

Iron  lake.  This  small  lake  is  one  of  the  few  bodies  of  water 
that  lie  south  of  the  summit  of  the  Oianfs  range  and  yet  nearly 
as  elevated  as  the  range.  It  is  situated  in  sees.  13, 14,  23  and  24, 
00-13.  Its  shore  is  surrounded  by  boulders,  mostly  syenite,  from 
the  ridge  north  of  the  lake.  Thereare  also,  however,  many  angular 
pieces  of  magnetitic  quartzyte.  This  rock  contains  less  olivine 
here  than  a  few  miles  further  east.  A  few  boulders  of  a  quartz 
conglomerate  with  a  green  matrix  were  seen  on  the  east  side  of 
the  lake  in  the  N.  W.  i  sec.  24,  00-13,  Ko.  364. 

A  short  distance  east  of  the  lake,  in  the  K.  W.  i  sec.  24,  60-13 
the  bed  rock  was  exposed  in  the  hillside  by  a  windfiEtll.  It  is  the 
usual  black,  magnetitic  rock  lying  in  nearly  horizontal  strata. 
Some  of  the  rock  here  is  reddish  and  jaspery ;  there  is  also  a  con- 
glomeritic  aspect  in  places.  Sometimes  the  rock  is  slaty  in 
thin,  black,  parallel  strata  that  are  quite  straight  for  a  rod  or 
more.  Again  the  iron  seems  to  be  in  veins  which  do  not  conform 
strictly  to  the  general  planes  of  stratification.  The  following 
cut  is  from  the  perpendicular  fiuse  of  a  ledge  in  N.  W.  k  sec  24, 
60-13. 
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Fig.  I.—  Veifu  ofmagnftHU  in  grtenUh  AMmiki  rock. 


A  short  distance  N.  W.  or  N.  of  last  the  ledge  is  exposed  in  a 
perpendicular  wall  8  feet  high  and  a  couple  of  rods  long.  It  is 
in  thick  black  beds  that  have  a  high  specific  gravity  and  are 
crystalline  with  a  dark  mineral  that  may  be  hornblende,  No.  365. 

Near  the  north  end  of  Iron  lake,  in  S.  W.  \  see.  13,  60-13, 
the  magnetitic  quartzyte  undergoes  a  queer  metamorphosis. 
It  still  lies  in  nearly  horizontal  beds;  but  it  gradually  becomes 
less  highly  charged  with  magnetite,  acquires  feldspathic  and 
quartzose  materials  and  finally  is  changed  to  a  regular,  reddish 
crystalline  rock  which  is  the  syenite  of  the  Giant's  range.  The 
lowest  beds  are  the  most  perfectly  crystalline.  Before  the  trans- 
ition becomes  complete  the  Animike  rock  appears  to  be  feld- 
spathic in  spots  as  if  there  were  boulders  of  syenite  in  it,  but 
lower  down  the  beds  become  wholly  syenitic  The  quartz  grains 
that  are  first  seen  in  the  greenish  Animike  rock  have  the  same 
bluish  translucent  appearance  as  those  in  the  syenite  which  lies 
just  north.  This  change  is  illustrated  by  specimens  numbered 
366. 

The  quartz  grains  are  seen  before  the  feldspar.    There  are  also 
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portions  of  the  Animike  which  are  oonglomeritic  and  are  the 
same  as  the  peculiar  conglomerate,  364.  A  sample  which  con- 
tains part  of  a  felsitic  boulder  is  367.  The  dip  needle  is  but 
slightly  affected  here. 

North  of  Iron  lake  the  land  does  not  rise  suddenly;  but  there 
is  a  gradual  upward  slope  for  about  half  a  mile  when  the  summit 
of  the  range  is  reached  and  there  is  an  abrupt  descent  of  200  feet 
or  more.  Syenite  containing  a  little  biotite  is  seen  in  the  bluff 
on  the  north  side  of  the  range.  One  sample  from  the  N.  E.  i 
sec.  14,  60-13  is  368. 

There  are  no  exposures  of  solid  rock  on  the  N.  W.  side  of  Iron 
lake.  On  the  S.  W.  side  in  the  K  E.  i  sec.  23,  60-13  there  is  a 
ledge  of  black  magnetic  rock,  369.  It  presents  the  usual  char- 
acteristic aspects  of  this  formation;  lying  in  nearly  horizontal 
strata  and  containing  more  or  less  magnetite  which  gives  a  dark 
color  to  the  rock. 

Iron  lake  is  nearly  as  elevated  as  the  summit  of  the  Oiant's 
range.  The  black  rock  on  the  north  side  of  the  lake  is  close 
above  the  syenite;  and  the  change  which  was  observed  to  have 
taken  place  must  be  mainly  in  the  nature  of  a  fragmental  transi- 
tion rather  than  a  metamorphic  one,  i.  e.,  the  gradual  increase 
within  the  Animike  of  the  feldspathic  and  quartzose  materials 
must  be  due  to  the  fact  that  there  was  more  or  less  debris  derived 
fi:t>m  the  crystalline  ridge  on  the  north  which  was  covered  up  by 
the  Animike  deposits  and  by  subsequent  metamorphism  incor- 
porated closely  into  them.  That  this  metamorphosing  process 
was  in  the  nature  of  a  slow  rearrangment  and  reuniting  of  the 
mineral  constituents  rather  than  of  a  violent  and  more  sudden 
disturbance  seems  to  be  indicated  by  the  comparatively  undis- 
turbed position  of  the  strata. 

Mr.  Willard  went  south  from  the  lake  through  the  S.  W.  i 
sec.  23,  and  the  W.  }  sec.  26,  60-13.  He  reports  fragments  and 
low  outcroi)S  of  the  dark  iron  ore  rock  all  the  way  to  the  swamp 
in  the  N.  W.  i  sec.  35,  60-13.  Sample  from  that  locality  is  370. 
It  is  tough,  black,  heavy  rock  and  contains  probably  45  per 
cent  (!)  of  iron. 

The  percentage  of  iron  in  the  rock  appears  to  grow  less  going 
westward  from  Dunka  river;  toward  the  northern  edge  and  west- 
ward there  is  also  less  olivine  and  more  quartz.  Fragments  of 
red  jasper  are  seen  all  along  the  trail.  These  may  have  been 
tran8i>orted  from  north  of  the  Giant's  range,  although  red  jasper 
and  quartzyte  have  been  seen  in  the  Animike  formation  in  this 
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r^on.  Pieces  of  porphyritic  rock  that  look  as  if  they  belong  to 
the  same  formation  near  its  contact  with  the  syenite  are  also 
seen  along  the  trail. 

Some  pure  qnartzyte  containing,  however,  a  small  amount  of 
magnetite,  is  fonnd  in  angular  fragments.  A  sample  of  reddish- 
gray  qnartzyte  from  K  W.  i  sec  32,  60-13  is  371. 

The  bed  rock  is  seen  to  be  jnst  beneath  the  moss  and  light  drift 
covering  for  two  or  three  miles  in  sections  28,  32  and  31,  60-13. 
Bidges  composed  of  granite  and  syenite  boulders  are  seen  at  in- 
tervals, and  evidently  form  part  of  a  morainic  system.  The 
drift  deposits  become  thicker  toward  the  west. 

Jnst  south  of  the  trail  in  S.  W.  i  of  N.  W.  i  sec.  32,  60-13  is 
a  large  exposure  of  the  semi-crystalline  fragmental  rock  which 
intervenes  between  the  regular  Animike  and  the  syenite,  and 
grades  into  the  latter.  This  rock  is  exposed  here  to  a  depth  of 
12  or  15  feet.  At  the  top  it  contains  considerable  green,  nncrys- 
tallized  material,  and  the  feldspar  crystals  are  not  so  well  formed 
as  farther  down  where  there  is  less  of  the  green  matter.  There  is 
an  indistinct  gneissic  structure  which  seems  to  lie  nearly  hori- 
zontal; there  is  also  a  coarse  schistosity  which  runs  N.  E.  and  S. 
W.  At  the  top  is  a  conglomeritic  layer  which  contains  pebbles 
of  quartz  and  some  of  greenish  rock,  some  of  them  two  inches 
long,  but  mostly  less  than  an  inch  in  length,  No.  372. 

The  rock  at  the  bottom  of  this  exposure  is  almost  wholly 
crystalline  with  the  usual  constituents  of  syenite.  The  horn- 
blende crystals  are  the  last  to  be  developed;  large  crystals  of 
feldspar  appear  in  the  green  matrix  before  it  begins  to  show  any 
other  signs  of  crystallization.  These  feldspar  crystals  are  ortho- 
dase  and  are  sometimes  blood-red. 

Peter  Mitchell  uncovered  the  iron  ore  beds  in  several  places 
in  the  S.  W.  i  sec.  32,  60-13.  Some  of  the  rock  thus  exposed  is 
quite  slaty,  373.  The  shaft  in  the  S.  B.  i  S.  W.  J  sec  32,  60-13 
is  about  8  feet  deep.  It  penetrates  solid,  black  rock  containing 
magnetite  in  grains  and  poorly  defined  layers  or  bands  all  through 
it.  It  is  poor  ore.  On  the  surface  a  short  distance  northwest  of 
the  shaft  the  rock  is  more  unevenly  bedded  and  consists  of  thin 
veins  of  black  ore  in  a  gray  rock.  No.  374.  The  needle  dips  at 
all  angles  in  a  very  small  radius  here.  Olaciation  is  about  N. 
N.  E.  Some  of  the  rock  is  fine  and  jaspery  with  a  reddish 
tinge,  No.  374  A. 

This  is  in  a  low  ridge  trending  N.  E.  and  S.  W.  or  there- 
abouts.   Sometimes  similar  ridges  are  seen  made  of  boulders, 
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:and  sometimes  of  syeoite.  In  the  S.  W.  i  sec  31,  60-13  is  a 
«mall  ridge  composed  of  iron  ore  rock.  It  has  been  broken  off 
and  the  land  east  and  north  is  lower.  The  east  face  of  the  ledge 
is  smooth  and  yertical  and  can  be  followed  for  half  a  mile  on  the 
north  side  of  the  trail.  The  grayish,  quartzose  rock  lies  in 
nearly  horizontal  beds,  all  of  which  contain  magnetite.  This 
Tock  always  weathers  shiny,  smooth  and  black  and  has  the 
appearance  of  solid  iron.  There  is  very  little  pare  ore  in  these 
beds.  A  sample  from  the  S.  W.  i  sec.  31,  60-13  showing  the 
weathered  snrfiEkce  is  375. 

There  is  a  large  exposure  of  the  Animike  rock  and  a  shaft 
•dug  down  about  ten  feet  by  the  side  of  the  vertical  exposed  wall 
of  rock  in  the  K.  E.  i  sec.  11,  59-14.  There  is  here  seen  a 
thickness  of  15  feet  of  the  usual  dark-colored  rock.  It  is,  how- 
ever, reddish  in  streaks  and  contains  a  little  hematite  with  the 
magnetite.  At  the  bottom  of  the  shaft,  particularly,  the  rock 
is  soft  and  hematitic.  At  the  surface  of  the  ground  the  rock  is 
harder  and  seems  to  be  composed  of  reddish  quartz  in  fine  grains 
strongly  resembling  the  ^^chalcedonic"  quartz  of  Vermilion 
lake,  376.  Hematitic  rock  from  the  base  of  the  shaft  is  376  A. 
There  are  thin  bands  of  good  ore  contained  in  the  rock  here; 
but  there  is  not  enough  to  pay  for  working.  This  ledge  is  on 
the  west  side  of  a  ridge  which  trends  to  the  northwest.  The 
strata  have  a  little  higher  dip  than  usual  toward  the  southeast, 
^me  of  the  ore  is  seen  to  be  further  altered  to  limonite. 

In  the  N.  W.  i  see.  11,  59-14  is  a  small  outcrop  of  Keewatin 
rock.*  It  lies  in  vertical  beds  striking  N.  80^  E.  Sample  is 
377.  In  the  S.  B.  i  of  the  same  section  and  particularly  in  the 
S.  R  ''forty"  there  is  a  great  deal  of  this  rock.  It  rises  in  a 
ridge  15  feet  above  a  cedar  swamp.  It  is  feldspathic  or  felsitic 
and  stands  in  vertical  strata  having  the  usual  strike  for  this 
formation.    Samples  are  378. 

Prof.  A.  H.  Chester,  in  the  Eleventh  Annual  Report  Oeology 
of  Minnesota,  p.  156,  speaks  of  hematite  boulders  in  a  layer  of 
black  sand,  which  he  observed  at  the  bottom  of  a  shaft  15  feet 
deep  in  Animike,  a  short  distance  north  of  here.  Perhaps  they 
were  on  top  of  the  Keewatin  and  were  covered  up  by  the  Ani- 
mike sediments. 

The  Animike  beds  appear  to  be  considerably  broken  in  this 
region.    Several  very  large  masses  of  strata  were  seen  that  were 


•Thli  U  Miered  to  be  the  flnt  obterrAtion  reported  of  the  ezisteooe  of  the  green  echista 
of  thJa  formation  louth  of  the  Giant's  range. 
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in  horizontal  position  and  evidently  but  slightly  disturbed  from 
their  original  position.  Some  of  them  are  on  the  hill  above  the 
Keewatin  and  only  about  200  feet  away  from  exposures  of  it  in 
the  S.  E.  i  sec.  11,  59-14.  There  seems  to  be  noreason  to  doubt 
that  the  black  iron  ore  rock  lies  horizontally  and  nnconformably 
on  the  upturned  edges  of  the  Keewatin.  We  dug  a  shaft  by  the 
side  of  a  large,  flat-lying  mass  of  Animike  here.  It  was  not 
proyen  to  be  certainly  in  sUu  ;  but  had  evidently  been  but  slightly 
disturbed.  In  this  same  section  in  various  other  places  Animike 
in  place  is  found  lying  above  exposures  of  Keewatin  quite  nearp 
but  no  actual  contact  was  seen. 

There  is  another  shaft  in  the  iron  ore  rock  in  the  N.  W.  i  sec. 
14,  59-14.  It  lies  nearly  horizontal  and  the  rock  has  the  usual 
gray,  arenaceous,  magnetitic  appearance.  It  is  glaciated  on  the 
surface  but  the  direction  could  not  be  taken  owing  to  the  mag- 
netic disturbance^    One  sample  from  here  is  379. 

The  black  slates  and  quartzytes  in  sec.  22,  59-14  do  not  seem 
to  be  so  magnetitic,  but  contain  veins  or  bands  of  blackish  quartz, 
or  jasper.  This  jasper  is  granular  and  ui>on  being  pounded  it 
crumbles  and  displays  many  white  grains.  The  rest  of  the  rock 
is  grayish  and  is  penetrated  by  fine  needle-shax>ed  crystals  of 
hornblende  (f)  No.  380. 

In  the  S.  E.  i  sec.  17,  59-14  there  is  an  outcrop  of  the  adust 
which  is  supposed  to  be  Keewatin.  It  is  in  vertical  beds  which 
strike  N.  75'' — K  80^  E.  It  is  dark  gray  and  soft  but  siliceous 
and  seridtic,  381.  This  is  only  about  one  mile  south  of  Hinsdale 
and  is  remarkably  dose  to  the  syenite  ridge  which  rises  150  feet 
or  more  higher,  a  mile  north  of  this  exposure.  The  syenite- 
appears  only  half  a  mile  north  of  here.  The  dip  of  the  schists  is- 
vertical  or  at  a  high  angle  to  the  south. 

The  rock  which  forms  the  highest  part  of  the  Giant's  range  at 
Hinsdale  is  syenite  which  frequently  has  a  distinct  vertical 
gneissic  structure.  This  syenite  is  reddish  near  the  surface,  but 
is  gray  about  30  feet  below.  It  contains  x>orphyritic  crystals  of 
pink  orthodase,  which  become  deep  red  in  places.  There  are 
lenticular  masses  of  dark,  hornblendic  rock  inclosed  in  this 
syenite  at  all  depths.  Some  of  these  inclusions  are  five  or  six 
feet  in  diameter.  They  are  always  elongated  perpendicularly 
and  consist  generally  mainly  of  hornblende,  383. 

A  few  intrusions  of  fine  gray  granite  and  pink  granulyte  are- 
seen  to  penetrate  the  syenite.  Epidote  colors  the  rock  in  the 
proximity  of  veins  and  foults  or  fractures.  Quartz  and  feldspar 
veins  of  limited  extent  are  not  uncommon. 
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The  rock  is  a  handsome  one  for  ornamental  purposes,  and  col- 
umns or  blocks  of  any  required  dimension  quite  devoid  of  flaws 
or  cracks  can  be  obtained.  It  has  been  quarried  for  the  manu- 
fitcture  of  paying  stones.  It  is  also  being  employed  in  the  erec- 
tion of  the  Eound  house  of  the  D.  and  I.  B.  B.  at  Two  Harbors. 
Twenty-five  samples  of  this  rock  were  obtained,  382.  Olacia- 
tion  is  very  fine  on  top  of  the  ridge,  N.  22°  E.  The  summit  of 
the  range  is  120  feet  by  aneroid  above  the  station  at  Hinsdale. 

North  of  Hinsdale  there  is  a  rapid  descent  in  the  level  of  the 
country.  At  one  mile  and  a  quarter  from  the  station  is  a  low^ 
outcrop  of  syenite.  It  is  quite  similar  to  that  in  the  ridge. ,  It* 
outcrops  again  at  2  miles  and  still  again  at  about  3  miles  north, 
of  Hinsdale  station.  At  the  last  place  it  is  red  and  dark  and 
the  hornblende  is  decayed.  Small  geodes  of  quartz  and  calcite 
crystals  are  seen  in  it  here.  One  sample  is  No.  385.  The  level 
here  is  180  feet  below  the  top  of  the  ridge  at  Hinsdale.  There  is- 
considerable  drift  mixed  with  numerous  boulders  of  syenite  at 
this  place  and  all  along  back  to  the  ridge. 

The  last  syenite  seen  on  the  railroad  north  from  Hinsdale  is^ 
about  five  miles  from  the  summit  of  the  Giant's  range.  It  is- 
reddish  and  lies  in  low  outcrops.  For  the  next  mile  or  two  the 
country  is  low,  flat  and  swampy.  Then  come  knolls  and  ridges- 
of  Keewatin  dipping  about  N.  75°.  The  dip  is  lower  than  on 
the  south  side  of  the  ridge  or  at  Tower.  Veins  of  calcite  are 
noticed  in  the  rock. 

It  is  noticeable  that  no  Animike  either  in  place  or  as  boulders^ 
is  seen  north  of  the  Oiant's  range.    The  ridge  of  syenite  is  about 
six  miles  wide  from  north  to  south  where  the  railroad  crosses  it. 

John  Mallmann  in  charge  of  a  crew  of  25  men  was  at  work  in 
sec.  29,  59-14  sinking  shafbs  through  the  drift  and  down  to  the 
underlying  rook  in  search  of  iron  ore.  He  finds  the  rock  to- 
contain  both  hematite  and  magnetite.  Some  of  it  is  colored 
quite  red  by  sesquioxide  of  iron.  At  depths  below  the  suriiekce 
varying  from  15  to  40  feet  the  bed  rock  is  encountered.  It  con- 
sists of  thin  strata  of  grayish  rock  which  might  be  termed  fer- 
ruginous quartzyte,  but  it  is  not  pure  quartz  and  iron  ore.- 
Some  of  it  has  an  indistinct  conglomeritic  appearance,  the  peb- 
bles being  fine,  grayish  or  greenish  or  sometimes  hematitic. 
The  beds  are  not  as  a  rule  more  than  6  or  8  inches  thick  and 
have  a  low  dip  to  the  south  or  southeast.  The  syenite  is  said  to* 
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lie  about  i  mile  north  0f  I&ae.    Much,  of  l^ie  hffwiafcfte  ibvnd  in 
these  ahalfai  shows  a  fjotrther  altaatioa  toward  limonite.* 

Red,  hematitie  roA  hsmitg  the  nsoal  dip  and  a^peanuwe  of 
hexnatitie  Animike  atrata  is  seen  in  a  idiallowr  lailTiMid  ent  about 
i  mile  soath  of  Mallmaiixi^a  eaupw 

Mr.  Willard  yisted  Patrtridge  ri^er  and  ezamtoed  aome  ex- 
poeores  of  roek  in  the  ns^borhood.  Gabteo  wa»  aeen  in  a 
railroad  eat  }  mile  north  oi  Bearer  cre^  see.  5y  58-14.  It  was 
exposed  for  150  feet  along  the  traek.  It  was  soaiewhat  decoat- 
posed  and  weathered  into  roonded,  boolder-like  foran^  386i. 
<hae'4narter  of  a  mile  finrth^  aovth  is  another  cut  throogh 
gal>bTO,  The  flame  rode  is  seen  on  the  sooth  ade  of  BsaTer 
creek  about  a  htmdred  paces  fron  the  railraad  tiadc^  and  in  fiict 
£t>rme  all  of  the  knolls  and  is  aeen  in  an  of  the  ents  fbrsomedift- 
tanee  sofith  of  Bearer  creek. 

On  the  sooth  asde  of  Partridge  rirer^  about  in  the  IT.  R  i,  S. 
W.  \  see.  9j  5^14  jost  aboire  a  aaudl  ere^  is  a  low  outcrop  of 
black  or  dark-graj,  silieeoiiSy  thick -bedded  sbite  whidi  scans  to 
dip  aboat  20^  ^.^  W  IL  A  i^stem  oi  rertieal  joints  p^rrades 
this  rock,  the  general  direction  of  which  is  about  east  and  west. 
About  200  feet  down  stream  from  here  the  riyer  mns  over  the 
edges  of  these  beds  of  slate.  Following  the  rode  for  some  dis- 
tance down  stream  an  old  shaft  is  seen  bat  no  int^esting  features 
are  exposed  by  it.  It  is  in  a  ridge  whose  course  is  nearly  north 
and  south.  Exposures  of  this  same  rock  were  noticed  in  seyeral 
places  in  this  vicinity;  the  ledges  rising  about  8  leet  above  the 
general  level.  The  gabbro  overflow  surrounds  and  nearly  covers 
this  rock.  The  strike  of  the  slates  where  the  strata  have  been 
broken  or  lie  in  ridges  for  any  distance,  is  N.  10°  W.  This  rock 
is  not  exposed  over  a  r^on  exceeding  360  feet  in  diameter.  It 
seems  to  be  a  little  of  the  Animike  formation  which  was  npt 


*  An  »iialysit  of  tfaifl  limonite,  made  by  Mr.  C.  F.  Sidener,  gave  the  following: 

SiUca,  8i  O, ~ 3.52  per  cent 

Sesqnioxide  of  iron,  Fe,  O, ^  87.10  per  cent 

IfftDganeae trM»8. 

Lime  and  Magnesia traces. 

Pbosphomfly  P .023  per  cent 

49iilphair,  S « traces. 

Water,  H^O 9.70  per  cent 

100.343 

.Metallic  iron,  Fe 60.97  per  cent 


STATE  GEOLOGIST.  91 

eoTered  by  the  gabbro  overflow.  It  is  not  iron-bearing  here  to 
any  appreciable  extent  as  are  the  strata  generally  farther  north. 
It  occars  in  thick,  homogeneous  beds  in  which  the  sedimenta- 
tion is  quite  evident.  It  is  silico-argillaceous  and  seems  to  be 
carbonaceous.  Samples  are  numbered  387.  The  rock  lies  in 
lower  ground  than  the  surrounding  gabbro  knolls,  between 
which  and  the  slate  a  swamp  intervenes. 

In  the  N.  E.  i  of  the  S.  E.  i  sec.  11,  59-14  is  a  shaft  five  feet 
deep.  No  rock  tn  situ  appears  to  have  been  encountered  in  it;  but 
many  fragments  of  reddish-gray,  quartzose  rock  are  seen  in  the 
sides  of  the  shaft  and  on  the  surface  round  about.  This  land  is 
140  feet  lower  than  that  i  mile  north  of  here.  Samples  of  reddish 
'  hematitic  ore  from  here  are  388. 

About  250  paces  west  of  the  east  quarter  post  of  sec.  11,  59-14 
is  a  shaft  dug  to  a  depth  of  ten  feet  by  the  face  of  a  north  and 
south  ledge  of  rock.  The  strata  here  dip  about  15°  slightly  to 
the  south  of  east.  Qood  iron  ore  is  seen  in  veins  or  bands  2  or 
S  inches  thick  in  the  face  of  this  ledge.  This  wall  of  rock  is 
exposed  for  several  rods  north  and  south  of  this  shaft.  It  is 
noticeable  that  the  prevalent  direction  of  the  joints  in  this  for- 
mation is  north  and  south. 

In  a  part  of  sec.  11,  59-14  which  was  visited  on  our  return  to 
Birch  lake,  near  the  center  of  the  section,  Keewatin  rock  is 
found  standing  as  usual  in  vertical  strata.  It  is  quite  feldspathic. 
Above  it,  separated  by  a  few  feet  only  of  unexposed  rock  cov- 
ered by  drift,  are  masses  of  Animike  strata  15  feet  long  and  8 
feet  thick  which  ^m  to  have  been  but  slightly  disturbed  from 
their  original  position.  A  sample  of  the  KeewatiQ  rock  is  389. 
There  are  quartz  veins  in  it  which  contain  talc-like  scales.  389  A. 
Some  of  this  vertical  schist  is  graywackenitic  and  some  granu- 
litic.  Some  resembles  the  rock  found  at  Partridge  river  supx>06ed 
to  belong  to  the  Animike,  390. 

Outcrops  of  felsitic,  siliceous  schist  in  vertical  strata  with  a 
strike  N.  80°  R  are  seen  in  N.  E.  i  sec  15,  59-14  near  the  north 
section  line;  391. 

Southeast  from  the  last  about  200  paces  and  40  feet  higher  is 
found  a  large  solid  outcrop  of  iron  ore  rock.  It  rises  five  or 
six  feet  and  is  seen  for  four  or  five  rods.  It  is  horizontally  strati- 
fied or  has  a  dip  of  less  than  10°  to  the  east.  This  is  considered 
as  certainly  lying*  unconformably  on  the  vertical  Keewatin. 
Ko.  392  is  from  here. 

There  is  another  ledge  of  iron  ore  rock  (Animike)  in  N.  W.  i 
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N.  W.  i  sec.  14,  59-14  near  the  center  of  the  quarter  Bection* 
Some  good  ore  is  found  here,  393.  From  the  way  in  which  the 
Keewatin  schists  are  found  to  underlie  all  this  Animike  an 
observer  receiyes  the  impression  that  an  iron  mine  or  iron  lands 
in  this  formation  here  are  not  of  much  value,  for  it  is  doubtful 
whether  a  shaft  40  feet  deep  could  be  made  in  the  iron  ore  rock: 
anywhere  in  this  township  without  passing  through  it  and  reach- 
ing the  Keewatin. 

Fragments  of  the  Keewatin  rock  are  seen  all  along  the  trail  in 
Twp.  60-13,  indicating  that  it  outcrops  somewhere  and  perhaps 
at  several  localities  between  the  trail  and  the  syenite  ridge. 
The  number  of  rough  pieces  of  Animike  rock  that  are  every- 
where seen  along  this  trail  show  what  was  the  entire  surfiEMe  of 
the  land  south  of  the  Oiant's  range  and  indicate  that  the  region 
immediately  south  of  the  ridge  was  to  a  great  extent  protected 
from  the  force  of  glacial  erosion. 

A  sample  of  quartzyte  which  was  seen  in  angular  fragments  in 
60-13  was  obtained  as  showing  fine  stratification.  It  contains  a 
little  magnetite  in  bands  which  fede  out  completely  in  this  8x>ec^ 
imen.  Ko.  394.  Deposits  of  magnetic  sand  are  seen  on  the  shore 
of  Birch  lake  where  the  trail  starts  out,  S.  W.  i,  S.  E.  i  sec.  32^ 
61-12.     No.  396. 

BIBGH  LAKE  REGION. 

T(mga  or  Dunka  (mnd)  river.  This  name  is  bestowed  by  the 
Indians  on  account  of  the  extensive  banks  of  reddish  sand  and 
gravel  which  form  the  shores  of  the  lake  near^e  mouth  of  the 
stream  and  also  compose  the  bed  of  the  river  for  a  short  distance 
above  the  lake.  Mingled  with  this  red  sand  is  more  or  less  black 
magnetic  sand  sometimes  in  such  quantity  as  to  make  the  beach 
black.    An  instance  of  this  is  in  the  S.  W.  i  sec.  33,  61-12. 

For  a  mile  up  this  river  there  is  a  large  amount  of  drift  contain- 
ing many  boulders.  The  land  rises  in  east  and  west  ridges  100 
feet  or  more  above  the  river.  Near  the  south  side  of  sec.  4,  60- 
12  the  ridges  seem  to  be  composed  almost  wholly  of  large  granite 
and  syenite  boulders.  It  can  not  be  ascertained  certainly 
whether  they  are  underlain  by  rock  of  the  same  nature  in  situ 
or  not. 

South  of  this  ridge  is  another  in  S.  J,  N.  W.  i  sec.  10,  60-12* 
which  has,  exposed  on  the  surface,  many  angular  fragments  of 

•  This  ridge  Ifl  referred  to  by  N.  H.  Wiocbell,  in  hie  fifteenth  annual  report,  p.  841.' 
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oemi-stratified  rock  consisting  mainly  of  magnetite  and  olivine 
with  some  quartz.  This  rock  appears  to  be  in  sUu  at  two  or  three 
places  on  the  north  side  of  this  ridge  and  to  dip  S.  70^-80^. 
Syenite  is  found  in  ridges  south  of  here,  and  some  distance  south 
of  them  is  found  the  gabbro.  The  Animike,  therefore,  has  here 
a  range  of  syenite  between  it  and  the  gabbro.  Samples  of  the 
iron  ore  rock  from  400  paces  east  of  the  west  quarter  post  sec  10, 
^60-12  are  356.    The  needle  dips  N.  GO""  to  70''  here. 

Other  localities  annmd  Birch  lake.  Pursuing  a  trail  which  leads 
south  from  the  lake,  starting  in  the  N.  E.  i  sec  26,  61-12  toward 
8ome  claim  cabins  in  sec  35,  61-12  some  interesting  rocks  were 
seen.  A  short  distance  from  the  lake  is  a  knoll  of  fine-grained 
crjrstalline  rock  which  is  generally  considerably  decomposed 
and  yellowish  in  color.  It  has  the  composition  of  gabbro  and  is 
apparently  the  rock  that  first  cooled  on  the  outer  edge  of  the 
j^bbro  overflow.  It  contains  both  biotite  and  hornblende  spar- 
^i^S^y^  ^^^  olivine  and  magnetite,  but  is  principally  made  up  of 
labradoritc  There  are  spots  in  it  of  light-colored  feldspathic 
rock  which  appear  to  be  boulders  whose  outline  is  not  distin- 
guishable from  the  rock  mass.  A  sample  of  the  fine  gabbro  or 
muscovado-like  rock  is  396.  A  sample  from  one  of  the  boulder 
forms  is  396  A.  These  are  from  the  N.  E.  i  sec  26, 61-12.  This 
gabbro  appears  in  small,  detached  knobs  lying  on  the  Animike 
iron  ore  beds.  These  beds  are  somewhat  disturbed  and  broken 
and  vary  in  dip  to  the  southeast  from  12''  to  30°.  Near  these 
knolls  of  gabbro  the  iron  ore  rock  is  semi  crystalline,  containing 
porphyritic  crystals  of  hornblende  sometimes  two  and  a  half 
inches  long.  Specimens  from  here  are  397,  397  A,  and  397  B. 
There  are  large  outcrops  of  this  Animike  rock  here  Sometimes 
the  stratification  is  not  very  evident,  but  generally  it  is  distinct 
and  well-marked,  398. 

The  beds  here  have  the  same  vertical  joints  running  north  and 
south;  and  present  east  and  west  vertical  faces  from  four  to  fifteen 
feet  high  such  as  are  seen  south  of  the  Giant's  range.  Loose, 
angular  fragments  of  Keewatin  schist  are  seen  here  and  probably 
lie  near  the  surface  in  the  vicinity  under  the  Animike.  Some 
of  the  Animike  is  almost  all  quartz  which  forms  a  coarse  granu- 
lar sandstone  on  decomposing.  A  specimen  from  the  E.  i,  N. 
W.  i,  sec  35,  61-12  is  399.    Olaciation  here  is  about  K  15""  E. 

In  the  S.  E.  i,  N.  E.  i  sec  35,  61-12  are  several  ridges  of 
magnetitic  quartzyte  having  vertical  faces  15  feet  high  on  the 
west  side    A  few  feet  west  of  one  of  these  walls  of  rook  there  is 
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a  knoll  of  syenite.  The  latter  is  porphyritio  vith  pink  and  vhite 
feldspar  and  coDtains  both  biotite  and  homblendo,  tog^iher  vith 
a  considerable  proportion  of  qoartz.  It  rises  in  the  knoll  as  high 
as  the  top  of  the  qnartzyte  ridge  bat  slopes  dovu  and  nms  under 
it.  The  syenite  is  100.  The  qnartzyte  is  in  beds  vhloh  are 
nearly  horizontal  and  seem  to  Iwre  aboat  the  same  textnre  aad 
composition  where  it  lies  on  top  of  the  syenite  as  they  have  ten 
feet  higher  np,  401.  A  claim  cabin  is  located  on  the  syenite 
ridge  only  a  few  rods  from  the  qaartzyte  ledge.  The  ^enite  is 
cat  by  a  few  veins  of  fine,  pink  granalyte.  The  situation  is 
shown  in  Fig.  2. 


J<lf  I.  BbJoNo*  of  lymilt  and  AntmOm  ridjti.  Tha  lltth  rallaf  batirMn  tha  tao  ridgH  li 
mboDt  11  Ibatdsep  iDd  iS  fset  tatom.    Th>  wntlue  of  111*  quuUrl*  li  pvpaiidloulir.    Ths 

Uad  !•  omared  with  imiU  pinea. 

A  trench  was  made  witii  some  labor  from  the  qaartzyte  to  the 
syenite  thus  exposing  the  manner  of  contact.  The  Animike  was 
fonnd  to  lie  on  the  syenite  in  a  thin,  hard,  homblendio  stratnm 
abont  six  feet  from  the  main  mass  of  exposed  syenite.  It  was 
bnried  under  about  fire  feet  of  till  with  hardpan  at  the  bottom. 
Samples  of  the  layer  of  Animike  rock  fonnd  lying  on  the  syenite 
are  406. 

In  tiie  first  ahaA  that  was  dog  down  at  the  foot  of  the  Animike 
bluff  a  large  mass  of  greenish  Keewatin  rock  was  encountered 
that  prevented  farther  exoavation  at  tliat  place.  This  rock, 
which  was  supposed  to  be  a  drijted  fragment,  was  ooated  with  a 
cmst  of  oaloite  crystals  all  over  the  top.  In  several  places  the 
syenite  was  seen  to  hare  a  thin  layer  of  the  hardened  Animike 
rock  adhering  to  it  which  had  not  been  removed  by  glacial  scrap- 
ing. From  the  appearance  of  such  rock  it  seemed  as  though  the 
abrading  action  of  the  ice  was  not  so  violent  as  is  generally  sup- 
poeed. 

In  the  17.  E.  }  of  S.  W.  I  sec.  36,  61-12  the  magnetitio  quarts- 
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yte  is  exposed  in  many  places.  It  seems  to  have  been  affected 
by  some  metamorphosing  agent  which  has  prodaced  large  crys- 
tals and  masses  of  crystals  of  hornblende  in  it.  Some  of  these 
crystals  are  three  inches  long.  They  frequently  are  rounded  or 
lenticular  as  a  whole  mass  and  suggest  included  boulder  forms^^ 
402. 

West  and  northwest  from  the  last  locality  the  ground  rises 
and  syenite  is  found  outcropping  in  quite  extensive  ridges.  This- 
is  near  the  west  quarter  post  of  the  section. 

Toward  the  S.  W.  i  sec.  S5,  61-12  the  land  rises  until  it  is  200- 
feet  above  Birch  lake.  On  this  high  land  many  large,  smooth- 
topx>ed  exposures  are  produced  by  recent  extensive  wind-fiEQls. 
The  strata  seem  to  have  been  disturbed  and  slightly  elevated  by 
some  force  from  beneath.  The  usual  dip — less  than  30°  to  the 
southeast — is,  however,  still  maintained.  This  rock  is  coarse 
and  more  quart£ose  and  has  quartz  veins  penetrating  it.  Glada- 
tion  is  finely  exhibited  in  many  places  and  seems  to  vary,  as  near 
as  could  be  estimated,  by  comparison  with  the  section  lines, 
from  N.  12°  E.  to  N.  30°  E.  Syenite  is  reported  to  outcrop- 
about  one-half  mile  west  of  the  S.  W.  corner  sec.  35,  61-12. 
Some  of  the  beds  of  this  Animike  rock  are  but  slightly  iron- 
bearing  and  are  almost  wholly  comi>osed  of  olivine,  404. 

In  the  N.  i  of  the  S.  E.  i  sec.  24, 61-12  there  are  several  expos- 
ures of  Animike  rock  in  shafts  which  have  been  dug  in  the 
search  for  iron  ore,  as  well  as  on  the  surfiEice.  The  rock  is  dark, 
heavy  and  magnetitic  and  exhibits  fewer  sedimentation  bands 
than  usual.  But  it  has  the  general  dip  of  this  formation  and  is- 
rich  in  olivine.  There  have  been  six  or  eight  shafts  sunk  at  this 
place;  some  of  them  are  nine  or  ten  feet  deep  and  furnish  good 
sections  of  the  rock  strata.  Some  thin  strata  of  rich  magnetite 
are  seen  in  the  rock;  but  they  are  always  separated  from  each 
other  by  beds  of  poor  ore  or  of  quartzyte,  405.  Much  of  this 
rook  is  homblendic;  the  crystals  appear  right  in  the  middle 
of  olivinitic  and  finely  granular  strata  containing  more  or  less 
magnetite.  These  crystals  of  hornblende  are  in  the  strata  ten 
feet  below  the  surfiEkse  beds,  and  are  sometimes  two  inches  long 
or  more,  405  A.  In  places  the  rock  has  been  moved  on  itself  and 
has  thus  formed  fine  slickensided  sur&ces,  405  B. 

There  is  a  heavy  covering  of  drift  sand  and  boulders  here.. 
Granite  in  place  and  gabbro  lying  on  it  were  seen  ashort  distance 
&rther  east  in  the  S.  E.  i,  N.  W.  i  sec  24,  61-12.  The  Am- 
beds  seen  in  the  vicinity  were  in  knolls  that  rise  above  the 
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^.granite  and  gabbro  and  are  estimated  to  be  150  feet  above  Birch 
lake.  A  thickness  of  about  25  feet  of  the  iron-bearing  strata 
was  seen  in  the  various  shafts. 

This  same  rock  outcrops  on  the  west  side  of  the  little  bay  in 
S.  E.  i,  8.  W.  i  sec.  24,  61-12,  a  short  distance  back  from  the 
^hore.    At  this  place  it  is  much  decayed  and  jointed.* 

Vicinity  of  Kaunshitm  river.  Qoing  south  on  the  range  line 
between  townships  62-10  and  62-11  on  the  south  side  of  the  river 
in  S.  E.  }  sec.  13,  62-11,  search  was  made  for  the  iron  ore  re- 
ported by  Mr.  Lorenzo  Oleaves.  Nothing  was  found  for  half  a 
mile  except  syenite  in  a  ridge  about  75  feet,  by  aneroid,  above  the 
river.  Then  there  is  a  swamp  and  a  creek,  and  gabbro  hiUs  are 
reached  in  S.  W.  i  sec.  19,  62-10.  These  hills  are  but  a  little 
over  100  feet  above  the  Kawishiwi.  The  gabbro  is  seen  in  bare 
knobs  and  vertical  blufGs  20  to  40  feet  high.  Some  masses  of 
gabbro  30  feet  in  diameter  have  been  pushed  up  on  top  of  the 
smoothed  knolls  of  solid  rock  and  left  there  by  the  ice. 

In  the  S.  E.  i  sec.  30,  62-10  are  several  shafts,  some  more 
than  20  feet  deep,  in  magnetite  ore.  The  magnetic  attraction  is 
very  strong  here  and  the  needle  dips  90^.  There  being  more 
than  a  mile  and  a  half  of  gabbro  north  of  this  place  and  this  iron 
ore  itself  being  in  hills  of  gabbro  100  feet  high  it  would  naturally 
be  supposed  that  this  ore  is  gabbroitic  magnetite  and  therefore 
titaniferous. 

But  the  ore  is  olivinitic  and  generally  quite  fine-grained,  and 
the  rock  which  contains  it  is  not  a  massive  crystalline  rock  like 
^bbro,  but  stands  in  beds  which  are  nearly  vertical,  though  the 
dip  is  not  constant.  These  strata  are  oliviniticand  besides  being 
finely  granular,  possess  a  banded  structure  and  are  evidently 
transported  beds  of  Animike  strata  contained  in  the  great  gabbro 
overflow.  Whether  they  are  between  overflows  of  different 
dates  or  were  surrounded  and  taken  to  their  present  position  at 
the  time  of  a  single  eruption  was  not  evident,  but  the  latter  is 
more  probable.  The  gabbro  itself  being  also  largely  comx>o6ed 
of  magnetite  here  renders  it  more  difficult  to  distinguish  between 
the  two  kinds  of  rock.  Samples  from  the  S.  E.  i  sec.  30,  62-10, 
showing  banded  structure  supposed  to  be  due  to  sedimentation 
are  407.  Specimens  of  the  coarse  gabbro  magnetite  are  410. 
The  Animike  is  quite  hornblendic  here  as  at  the  locality  north 
of  Birch  lake,  sec.  24,  61-12.  The  gabbro  which  forms  massive 
icnolls  all  around  this  place  is  not  so  much  decayed  as  the  iron 

•  N.  H.  Wlochell,  Fifteenth  annual  report,  p.  885. 
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qaartzyte,  nor  does  it  display  any  banding  nor  any  other  signs 
of  bedding  as  do  the  enclosed  strata  of  Animike.*  The  general 
strike  of  the  latter  is  east  and  west. 

A  trip  was  made  from  the  Kawishiwi  river  in  N.  W.  J  sec.  25, 
63-10  southeastward  into  sec.  36.  Gabbro  ridges  and  knolls 
from  70  to  100  feet  above  the  river  are  crossed.  Many  large 
fragments  of  greenish  schist  from  farther  north  lie  on  the  surface, 
also  boulders  of  syenite  and  amphibolyte  or  dioryte.  This  gab- 
bro is  rather  coarse  and  is  magnetitic  in  spots  and  streaks;  412. 
There  are  belts  of  coarse  hornblende  and  labradorite  found  in 
it.  412  A.  Included  in  the  gabbro  are  irregular  masses  of  all 
sizes  of  fine,  grayish  rock  that  seems  to  be  composed  of  rounded 
grains  and  resembles  Animike.  There  is  no  evidence  left  of 
former  stratification,  and  in  places  where  it  has  been  highly 
altered  this  rock  has  the  composition  of  a  fine  gabbro.  But  the 
transition  from  it  to  the  gabbro  is  always  abrupt  and  the  out- 
lines of  the  included  masses  of  it  are  plainly  seen.  413.  This 
rock  is  slightly  ferruginous  if  at  all;  but  the  gabbro  contains 
much  shining,  coarsely  crystalline  magnetite.  414. 
•  In  the  S.  E.  i,  S.  E.  i  sec.  25,  63-10  the  gabbro  contains  some 
large  masses  of  very  coarse  hornblende.  There  are  places  in 
the  gabbro  four  to  six  feet  in  diameter  which  contain  or  are 
wholly  made  up  of  black  hornblende  crystals  six  inches  long. 
There  is  a  little  mica  in  connection  with  it,  also  some  coarse  lab- 
radorite.    415. 

Vicinity  of  Long  Lake.     The  hills  in  the  N.  W.  }  sec.  20,  63-12 
are  composed  of  diabasic  rock.    They  rise  about  100  feet  above 

*  An  analysis  of  the  magnetite  snpposed  to  belong  to  the  enclosed  beds  of 
Animike  and  therefore  to  be  non-titaniferons,  was  made  by  Mr.  C.  F.  Sideuer. 
No  titanium  being  found  in  it  the  effect  of  the  gabbro  does  not  seem  to  have 
been  intense  enough  to  invest  the  magnetite  with  harmful  ingredients. 

Silica,  SiOj 11.39  per  cent 

Alumina,  AI2O3 Traces. 

Magnetic  oxide  of  Iron,  Fes04 85.55  per  cent 

Titanium,  TiOj None. 

Lime,  CaO 22  per  cent 

Magnesia,  MgO 3.44     '* 

Phosphorus,  P 02 

Sulphur,  S Traces. 


100.62 


((     <i 


Metamc  iron,  Fe 61.95    "     ** 
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the  lake,  and  in  them  are  seen  the  same  ooarse  boolder  forms*  aa 
have  been  noticed  in  this  rock  farther  east,  also  at  the  railroad 
cnt  near  the  Chandler  mine,  on  the  south  shore  of  the  lake  in 
sec.  28,  and  in  the  N.  E.  }  sec.  5, 62-12.  On  the  north  side  of 
the  first  ridge  north  of  the  lake  the  rook  is  not  so  diabaaic,  bat 
is  the  usual  more  or  less  fissile  sericitic  schist. 

In  the  K  E.  i  sec.  9,  63-12  the  sericitic  schist  changes  rapidly 
across  the  strike,  going  north,  into  granite,  becoming  first  sili- 
ceous, then  felsiticor  feldspathic  and  finally  micaceous.  Speci- 
mens illustrating  this  are  Nos.  416  to  416  E.  The  granite  still 
preserves  in  places  a  coarse  vertical  schistosity.  North  of  this 
granite,  which  continues  only  for  a  short  distance,  is  hornblendie 
biotite  schist  crossed  by  veins  or  intrusions  of  syenite  and  gran- 
ite; 417.  This  dark  schist  is  in  vertical  strata  having  the  usual 
strike  of  about  K  60"^  E.  The  lake  which  lies  in  sec.  4,  63-12 
is  about  75  feet  higher  than  the  lake  just  south  of  it. 

Ck)ing  overland  from  the  lake  to  the  N.  W.  corner  sec  4,, 
63-12  the  rock  is  found  to  be  homblende-biotite  schist  dip- 
ping north  at  an  angle  of  75°  or  more.  Most  of  it  is  very  dark 
colored  and  heavy,  418.  Nothing  was  seen  of  the  belt  of  mag- 
netic iron  which  had  been  reported  to  exist  in  this  section. 

Going  south  from  Ely  into  sec.  4,  62-12  the  rock  is  found  ta 
be  mostly  covered  by  a  thick  deposit  of  drift  until  the  N.  W.  i 
sec.  4  is  reached.  Here  there  is  seen  an  abrupt  ridge  of  sericitic 
green  schist  striking  N.  60°  E.  and  having  a  vertical  dip.  This 
ridge  rises  75  feet  above  the  swamp  on  the  north  side  of  it.  The 
rock  contains  considerable  calcite  as  at  Ely.  419.  Going  west 
several  pits  are  seen  dug  in  the  low  ground  north  of  the  ridge. 
^All  of  them  penetrate  a  soft  reddish  rock  strongly  impregnated 
with  iron  similar  in  appearance  to  that  in  the  mines  at  Ely.  It 
seems  probable  that  the  depression  north  of  this  ridge  may  have 
been  produced  by  reason  of  the  softer  nature  of  the  iron  ore 
beds  which  may  lie  in  there.  And  it  is  not  at  all  unlikely  that 
rich  beds  of  soft  ore  underlie  the  swamp  referred  to.  In  the  X. 
E.  i  sec  5,  62-12  a  large,  glaciated  surface  of  the  green  rock  is 
exposed.  There  is  here  a  fine  exhibition  of  the  coarse  agglom- 
critic  structure  mentioned  above.  A  diamond  drill  just  east  of 
this  place  has  gone  down  60  feet  in  the  same  rock. 


«7rhi8  is  referred  to  by  Mr.  A.  G.  L«W8on  in  his  report  on  Lake  of  the  Woods  u  a  "  concre- 
tionuy  (?)  trap  structure." 


STATS  GEOLOGIST.  99 

LAKE  SUPEBIOB  TBIP. 

The  country  south  and  east  of  Bald  Eagle  lake  (the  Indian 
name  for  this  lake  is  MUhimishiwi  aflgaegan  or  Beaver-house  lake) 
has  been  burnt  over  and  is  now  covered  by  a  small  growth  of 
aspens,  birch,  jack  pine,  spruce,  etc.  It  is  rocky  and  hilly,  the 
hills  of  gabbro  rising  100  feet  or  more  above  the  general  level. 
The  route  to  lake  Superior  lies  up  the  river  which  enters  the 
south  side  of  Bald  Eagle  lake.  This  stream  is  smooth  for  a  short 
distance  and  has  low  swampy  banks.  A  rapid  where  the  river 
falls  50  feet  is  then  Snconntered  and  above  it  again  the  smooth, 
cnrrentless  stream.  The  solid  rock  is  all  gabbro  and  most  of  the 
bonlders  are  of  the  same  material,  though  there  are  a  few  boulders 
of  Keewatin  greenstone  and  of  granite.  On  the  first  portage  there 
are  seen  some  large  pieces  of  white  vein  quartz.  The  gabbro  for 
a  mile  or  two  is  almost  wholly  composed  of  labradorite.  In  one 
place  was  seen  qnite  an  accumulation  of  boulders  of  siliceous 
greenish  rock  like  that  at  the  west  end  of  Knife  lake. 

The  land  in  the  8.  W.  i  of  township  62-8  is  quite  uniformly 
level.  The  lake  in  sections  29  and  32  has  low  shores,  mostly 
marshy.  The  rock  is  gabbro,  many  boulders  of  which  lie  around. 
The  lake  and  river  seem  to  be  almost  on  top  of  th%  gabbro  ridge, 
the  hills  around  them  are  so  low. 

Lake  IsabeUe.  The  shores  of  the  west  side  of  this  lake  are 
composed  of  gabbro.  They  are  generally  about  ten  feet  fiigh, 
but  sometimes  rise  to  forty  feet.  The  gabbro  is  very  much 
decayed  near  the  surface.  It  is  composed  principally  of  labra- 
dorite; but  contains  some  biotite  and  a  little  magnetite.  There 
are  occasional  small  pieces  of  granular  olivinitic  rock,  supposed 
to  be  Animike,  enclosed  in  the  gabbro.  They  are.  hard  and 
sometimes  have  a  basaltic  structure.  A  sample  of  gabbro  from 
N.  W.  J,  S.  E.  1  sec.  35,  62-8  is  420.  There  are  numerous  bould- 
ers of  fine  siliceous  greenstone  from  farther  north  seen  lying 
around  the  shores  of  the  lake.  The  Indians  call  this  lake  by 
the  same  name  as  Gabbro  lake,  viz. :  Kazushkonabigka-gajiidk,  the 
lake-with-theshores-of-shelving-rock.  On  the  east  side  of 
the  point  last  mentioned  is  a  beach  of  sand  and  pebbles.  The 
latter  consist  of  siliceous  greenstones,  porphyrytes,  granites  and 
gabbro,  421.  * 

llie  gabbro  in  the  bay  east  of  this  point  is  smoothed  by  glacia- 
tion  and  considerably  decayed.  It  contains  in  one  place  ten  feet 
of  hard,  greenish  rock  in  a  dyke  or  bed  about  a  foot  wide,  which 


•  •  • 
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seems  at  first  to  be  trap,  but  is  not  massively  crystalline  and 
seems  to  contain  some  rounded  gr^ns,  and  therefore  may  be 
Aniinike  rock  hardened  by  the  action  of  the  gabbro. 

In  the  S.  W.  i  of  S.  B.  i  sec.  36,  62-8  there  is  a  dyke  16 
inches  wide  exposed  for  30  feet.  It  is  perfectly  straight  and  is 
composed  of  tongh  green  rock.  The  dyke  walls  are  well-defined 
and  it  maintains  the  same  width  for  the  whole  distance  of  its  ex- 
posure. This  rock  hardly  appears  like  trap;  it  is  too  granular 
and  not  sufficiently  crystalline.  !N^either  can  it  be  said  to  resem- 
ble the  Animike  rock.  The  direction  of  tl^^  dyke  is  N".  64°  E. 
422. 

In  the  S.  E.  }  sec.  36,  62-8  the  gabbro  stretches  out  in  long, 
low  reefe  into  the  lake.  Beds  of  sand  which  is  the  result  of  rot- 
ting gabbro  occupy  the  hollows.  There  seem  to  be  layers  or 
beds  in  this  gabbro  that  are  like  the  rock  found  in  the  dyke, 
422.  The  question  arises  whether  this  rock  was  igneous  and 
fiowed  over  on  the  gabbro  or  whether  it  is  changed  Animike 
enclosed  in  it.     Glaciation  is  "N.  24°  E. 

Some  of  the  gabbro  is  fine  grained  and  brown  and  contains 
more  biotite  than  the  gray.    Perhaps  this  is  what  has  been  called 
''muscovado."^  One  sample  from  the  south'  shore  of  the  lake 
just  east  of  the  range  line  in  Twp.  62-7  (unsurveyed)  is  423. 

Swamp  Lake  river  (Maskigo-siJ>t)  enters  lake  Isabelle  on  the 
east  .side.  This  river  is  a  series  of  lakes  connected  by  a  small 
stream.  About  two  miles  up  this  stream  a  change  takes  place  in 
the  gabbro.  It  is  found  to  be  composed  of  re  ( sh  feldspar  and 
much  hornblende  with  a  little  biotite,  magnetite,  pyrite  and 
sometimes  galena.  Streaks  of  this  reddish  gabbro  are  first  seen 
running  through  the  gray  and  then  it  all  becomes  red,  and  large 
massive  knolls  are  formed  of  it.  Xos.  424,  424  A.  and  424  B. 
illustrate  this  change. 

The  route  to  lake  Superior  lies  through  the  series  of  small 
lakes  connected  by  a  stream  which  comes  from  the  east  and  south- 
east. This  stream  is  very  rocky  and  full  of  rapids  and  comes 
from  Kaminisabikokak  lake  which  has  been  re-named  lake  Bel. 
lissima.  This  lake  is  about  two  and  a  half  miles  across  from 
east  to  west  and  four  miles  long  from  "N,  W.  to  S.  E.  It  is  situa- 
ted in  the  southeast  pjrt  of  Twp.  61-7,  and  perhaps  extends  into 
Twp.  61-6.  Notwithstanding  the  rapids  in  the  river  a  person 
receives  the  impression  that  the  country  is  unusually  level.  No 
hills  of  any  considerable  hight  are  seen,  and  at  times  the  stream 
is  merely  a  narrow  lake  a  mile  or  more  in  length  with  a  low 
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rapid  at  each  end  and  shores  not  over  20  feet  high.  The  coun- 
try has  all  been  barnt  over  and  the  only  trees  are  small  poplar, 
birch,  willow  and  jack  pine.  A  great  many  boulders  principally 
of  gabbro  are  seen  on  all  hands.  There  are  also  boulders  of  trap 
and  red  Cupriferous  rock  for  two  or  three  miles  west  of  Bellis- 
slma  lake.  The  solid  rock  is  all  gabbro.  West  of  the  lake  it  is 
nearly  pure  labradorite,  but  toward  the  east  it  is  associated  with 
a  larger  proportion  of  magnetite.  It  decays  rapidly  and  crum- 
bles apart  forming  beaches  of  sand  which  is  nothing  but  decom- 
posed labradorite  feldspar.  The  Indian  name  for  this  lake  if 
applied  with  reference  to  the  large  number  of  boulders  which 
line  the  shores  and  stand  several  feet  out  of  water  at  some  dis- 
tance from  the  shore  all  around  the  lake. 

There  are  sand  and  gravel  beaches,  beaches  of  small  cobble 
stones,  beaches  of  moderate  sized  boulders,  and  beaches  where 
the  boulders  average  more  than  six  feet  in  diameteif,  while  some 
are  fifteen  to  twenty  feet.  The  largest  boulders  are  of  gabbro; 
but  many  of  the  smaller  ones  are  greenstone  or  red  amygda- 
loidaJ  trap.  There  are  comparatively  few  exposures  of  solid 
.  rock  around  this  lake,  but  all  the  rock  that  is  seen  is  gray  gab- 
bro. 

The  stream  which  enters  the  southeast  corner  of  the  lake  is 
canoeable  for  only  a  short  distance,  about  half  a  mile  above  Bel- 
lissima  lake.  A  portage  of  a  half  a  mile  is  then  made  to  a  small 
lake  and  then  another  portage  of  one  and  a  half  miles  south  to 
lake  Gaokakag,  or  lake  Harriet.  The  country  has  a  heavy  cov- 
ering of  drift  sand  and  gravel  and  but  little  rock  is  exposed. 
Many  of  the  pebbles  and  boulders  are  from  the  Cupriferous. 
Occasionally  there  is  seen  an  outcrop  of  gabbro,  quite  coarse  and 
containing  considerable  magnetite.  The  surface  is  rolling  and 
open,  having  been  burnt  but  a  few  years  ago. 

Lake  Han^t  is  about  two  miles  long.  It  is  a  beautiful  body 
of  water  set  in  hills  heavily  covered  with  white  pine  around 
the  south  half  of  the  lake.  High  water  is  maintained  in  it  by 
a  beaver  dam  at  the  outlet.  The  long  portage  necessary  to 
make  in  order  to  reach  the  lake  from  the  north  cuts  off  an 
impassable  part  of  the  river.  This  lake  is  70  feet  higher  than 
the  small  lake  at  the  north  end  of  the  portage.  The  country 
between  these  two  lakes  is  good  farming  land,  but  is  now  nearly 
bare,  having  been  burnt  recently. 

At  the  outlet  of  lake  Harriet  there  is  a  massive  exposure  of 
reddish-gray  rock,  which  crosses  the  river  and  forms  a  rapid.  * 
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GUNFLINT  LAKE. 

A  small  stream  from  the  north  enters  the  east  end  of  the  lake 
jnst  north  of  the  boundary  river.  A  few  rods  west  of  the  mouth 
of  this  creek  gabbro  is  seen  lying  in  Animike  slates.  Aboat 
one-eighth  of  a  mile  up  the  creek  rock  in  place  is  noticed.  This 
is  a  ridge  of  vertically  bedded  rock  supposed  to  be  Keewatin. 
Strike  is  'N.  80^  B.  Dip  is  not  constant.  Some  of  it  is  fine- 
grained and  flinty  and  resembles  the  Knife  lake  rock.  433.  Far- 
ther up  on  the  east  side  of  the  creek  the  same  rock  is  coarser 
and  not  so  siliceous,  but  contains  chlorite  or  sericite.     I^o.  434. 

It  was  because  of  reports  of  red  jasper  being  found  here 
that  a  visit  was  made  to  this  creek.  This  jasper  was  found  to 
be  in  beds  of  Animike  lying  horizontally  on  the  opposite  side  of 
the  bed  of  the  creek  from  the  Keewatin.  The  bed  of  this  stream 
lies  in  the  line  of  contact  between  these  two  formations.  The 
Animike  is  flinty  and  becomes  more  reddish  farther  up  the 
creek,  435. 

About  one-quarter  of  a  mile  up  the  stream  the  creek  spreads 
out  into  a  marshy  lake.  A  north  and  south  Canadian  survey 
line  between  297  T  and  298  T  crosses  the  creek  at  the  head  of  the 
rapid  water.  At  this  place,  on  the  east  side  of  the  stream,  are 
thick  beds  of  horizontal  Animike.  It  has  here  the  nature  of  a 
somewhat  decomposed,  fine,  dark  conglomerate.  The  pebbles 
in  it  are  iron  rusted;  they  are  sometimes  an  inch  long,  but  gen- 
erally less  than  half  an  inch.  They  are  flattened  horizontally^ 
436.  On  a  knoll  above  this  conglomerate,  a  short  distance  east 
of  it  is  found  another  outcrop  of  schistose  Keewatin.  It  is  green- 
ish and  somewhat  sericitic,  437. 

In  the  bed  of  this  same  creek  there  is  found  the  contact 
between  Keewatin  and  Animike.  The  two  rocks  are  very  /simi- 
lar in  appearance  and  texture  at  the  point  of  contact,  and  it  is 
only  by  following  up  what  is  plainly  Keewatin  on  one  side 
and  what  is  known  to  be  Animike  on  the  other  until 
they  come  together  that  the  junction  could  be  determined. 
Even  then  the  actual  line  of  contact  could  not  be  seen,  being  in 
the  bed  of  the  creek  of  running  water;  but  a  person  can  stand 
with  one  foot  on  rock  that  is  plainly  horizontally  stratified  and 
is  magnetitic,  and  the  other  foot  on  a  slightly  different  rock  that 
is  lighter  colored,  contains  no  magnetite  and  has  vertical  bands 
of  sedimentation.  The  space  between  is  occupied  by  rock  that 
may  belong  to  one  formation  or  to  the  other  and  is  somewhat 
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broken  up.  The  best  place  to  observe  this  contact  is  at  the 
water's  edge  on  the  east  side  of  the  brook.  The  Keewatin 
strikes  N.  80^  E.  and  has  a  high  dip  to  the  north  or  is  vertical; 
a  little  fiarther  down  the  creek,  however,  it  dips  S.  75°.  A  ridge 
of  the  Keewatin  on  the  east  side  of  the  stream  rises  above  the 
Animike  which  lies  unconformably  in  almost  flat  beds  npon  and 
against  it.  The  Animike  is  438.  Specimens  of  the  Keewatin 
are  439. 

Groing  south  from  Gnnflint  lake  to  Loon  lake  a  ridge  of  gabbro 
300  feet  high  is  crossed.  Loon  lake  is  195  feet  above  Gnnflint  by 
aneroid.  May  hew  lake  is  110  feet  above  Loon  lake.  It  is  sar- 
roanded  on  the  west  side  by  low  gabbro  hills.  This  gabbro  con- 
tains considerable  magnetite.  Several  claim  cabins  are  located 
on  this  gabbro  ore.  The  gabbro  in  Tucker  lake  just  west  of 
Mayhew  lake  is  also  magnetitie.  It  is  quite  coarse  and  decayed 
and  presents  a  gneissic  or  foliated  appearance.  A  sample  from 
N.  B.  i,  N.  W.  i  sec.  2,  64-3  is  440.  In  the  S.  W.  J,K  W.  i  same 
section  there  is  some  flne  dioritic  looking  gabbro  which  also  con- 
tains magnetite.  441.  This  lake  being  305  feet  above  Gnnflint 
it  is  not  likely  that  there  is  any  Animike  exposed  on  its  shores; 
and  indeed  none  was  seen. 

In  the  S.  E.  i,X.  W.  i  sec.  2, 64-3  the  gabbro  contains  parallel 
bands  of  magnetite  which  dip  S.  40°  and  give  the  rock  a  decidedly 
stratified  aspect.  Some  of  the  beds  or  bands  of  magnetite  are 
four  or  five  inches  thick,  others  only  a  fraction  of  an  inch.  Ko. 
442. 

The  gabbro  on  the  south  side  of  Tucker  lake  presents  a  ba- 
saltic structure.  It  is  very  coarse  and  the  planes  of  intersection 
are  nearly  at  right  angles  with  each  other.  One  set  dips  S.  20° 
W.  45°;  the  other  set  is  vertical.  The  gabbro  here  is  unusually 
biotitic.  It  also  contains  white  feldspar  equal  in  amount  to  the 
labradorite  in  places.  No  considerable  amount  of  magnetite 
was  seen  around  the  lake.     It  was  all  mixed  in  with  the  gabbro. 

The  point  that  runs  throngh  sec.  35,  65^,  on  Loon  lake,  is 
highest  in  the  N.  W.  i  sec.  35.  It  is  made  up  of  hills  of  Ani- 
mike capped  by  trap  or  fine  gabbro.  There  is  here  a  thickness 
of  about  150  feet  of  black  Animike  slate  dipping  S.  30°  or  more, 
and  30  feet  or  more  of  trap  rock  on  top.  The  slate  and  trap  are 
represented  by  443  and  444  respectively.  There  is  a  gradual 
transition  between  these  two  rocks,  the  slates  having  been  some- 
what metamorphosed.  Large  pieces  of  coarse  porphyry  are  seen 
on  top  of  this  hill.  One  large  mass  had  trap  rock  stuck  fast  to 
Vol.  III.— 14. 
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This  rock  is  a  phase  of  the  gabbro.  Some  of  it  is  fine  and  hard 
and  very  tough.  It  is  composed  of  hornblende,  biotite  and  red 
feldspar.  A  little  farther  south  the  rock  is  coarser  and  contains 
a  small  amount  of  gray  labradori  te.  Then  the  two  kinds  of  feldspar 
occur  in  equal  proportions.  From  here  the  red  feldspar  fades 
out  until  the  usual  condition  of  the  gray  gabbro  is  reached. 
Where  the  fine,  hard,  reddish-black  rock  is  first  seen  it  does  not 
look  at  all  like  gabbro.  iNTos.  425  to  425  G  illustrate  the 
change. 

.  Hornblendic  gabbro  is  seen  in  a  low  exposure  not  far  east  of 
the  north  end  of  the  lake.     Ko.  426. 

This  lake  is  situated  in  sees.  20,  29  and  28,  60-6.  Very  few  ex- 
posures of  rock  are  seen  around  it,  the  shore  being  mostly  com- 
posed of  the  drift  which  supports  such  a  fine  growth  of  pine. 
Hills  of  drift  60  feet  high  surround  the  lower  end  of  the  lake. 
A  few  boulders  are  seen  on  the  lake  shores,  but  they  are  mostly 
sandy.  There  is  an  immense  accumulation  of  boulders  just 
north  of  the  lake  —  large  bare  ridges  of  all  sorts  of  boulders, 
trap,  gabbro,  Cupriferous,  Keewatin,  porphyry,  granite  and 
Animike  slate.    These  ridges  are  evidently  morainic  deposits. 

A  short  portage  of  285  paces  leads  southeast  from  lake  Har- 
riet to  Pine  lake  just  east  of  it.  Some  trap  and  a  peculiar  rock 
of  various  colors  and  texture  were  seen  on  this  lake.  The  notes 
here  were  taken  by  Mr.  Grant. 

A  half  mile  portage  leads  across  the  divide  from  Pine  lake  to 
a  small,  nameless  lake  30  feet  lower.  No  rock  was  seen  around 
this  lake. 

A  long  portage,  over  two  miles,  leads  south  to  Kapokegamak 
or  Crooked  lake,  in  Twp.  59-6.  The  country  is  all  covered  with 
a  fine  growth  of  green  timber.  The  drift  is  rich  and  evenly  dis- 
tributed and  the  land  is  good  for  farming. 

In  sec.  15,  59-6  some  finegrained,  olivinitic  gabbro  was  found. 
It  is  cut  by  extensive  dykes  of  green  trap. 

A  sample  of  gabbro  which  was  found  in  place  on  the  west  side 
of  Crooked  lake  is  428.  Steep  hills  of  trap  occur  just  west  of 
the  northern  narrows,  sec.  15,  59-6.  This  trap  is  porphyritic 
with  green  feldspar(?).  It  outcrops  in  several  spots  around  the 
lake  south  of  here.  429.    Glaciation  is  N.  6°  E. 

From  Crooked  lake  a  short  portage  leads  south  to  a  small 
nameless  lake  on  which  no  rock  was  seen.  From  here  a  portage 
of  one-half  mile  leads  to  Nine  Mile  lake,  so-called  because  it  is 
nine  miles  by  trail  to  lake  Superior  and  no  more  canoeing.    On 
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the  north  and  west  sides  of  this  lake  are  exposures  of  rather  fine- 
grained, olivinitic  gabbro.  430. 

Following  the  nine  mile  portage  trail  south  a  distance  of  one 
mile  a  small  pond  less  than  one-fourth  mile  long  is  encountered. 
This  is  75  feet  lower  than  ITine  Mile  lake.  In  the  next  half  mile 
the  trail  rises  220  feet  and  reaches  a  pond  205  feet  above  the  last 
email  lake.  Lake  Superior  can  be  seen  from  the  hills  surround- 
ing this  pond,  which  rise  75  feet  above  it.  The  land  on  the 
south  shore  of  the  great  lake  can  also  be  seen  with  the  naked 
eye.    This  pond  is  supposed  to  be  in  sec.  35.  58-6. 

The  creek  which  flows  from  the  pond  runs  in  a  deep  •gorge. 
The  east  wall  of  this  gorge  is  Cupriferous  and  the  west  wall  is 
fine-grained  olivinitic  gabbro  or  trap.  This  is  the  first  true 
Cupriferous  seen  on  this  route.  It  rises  in  high,  precipitous 
hills  consisting  of  a  reddish  felsitic  rock  very  much  jointed  and 
containing  light  and  dark  spots  and  streaks.  Several  shafts 
have  been  dug  at  the  foot  of  the  gabbro  ridge  on  the  west  side 
of  the  gorge  mentioned  above.  Fragments  of  the  reddish  Cuprif- 
erous rock  were  thrown  out  from  all  of  these  pits;  and  in  fact  that 
is  apparently  the  only  rock  found  in  digging  them.  In  one  of 
these  shafts  the  red  rock  seems  to  be  in  place.  This  is  just  below 
the  lofty  bluflf  of  gabbro  which  therefore  seems  to  lie  upon  the 
Cupriferous  here.  Still  they  may  be  side  by  side  and  neither 
one  be  above  the  other.  The  gabbro  contains  more  olivine  and 
less  magnetite  than  that  seen  six  miles  north  of  this  place.  The 
general  boundary  line  between  the  gabbro  and  Cupriferous  runs 
through  the  south  tiers  of  sections  in  the  east  half  of  township 
58-6.    Samples  of  the  gabbro  are  431.    The  Cupriferous  is  432. 

Between  this  high  ridge  and  the  range  of  hills  just  north  of 
the  lake  there  is  a  low,  broad  valley  heavily  timbered.  The 
trail  does  not  cross  the  highest  part  of  the  ridge  along  the  lake 
shore,  but  follows  the  valley  of  a  small  stream  which  seems  to 
have  cut  a  gorge  through  the  ridge,  but  probably  followed  a 
natural  depression.  No  rock  was  seen  exposed  south  of  the 
gabbro  ridge.  The  trail  descends  1125  feet  between  the  small 
}>ond  mentioned  last  and  lake  Superior.  There  are  hills  around 
this  pond  100  feet  high,  and  the  gabbro  ridge  is  therefore  1226 
feet  by  aneroid  above  lake  Superior,  or  1827  feet  above  sea  level. 
This  trail  comes  out  at  Pork  bay.  The  hills  at  the  west  side  of 
this  bay  rise  330  to  460  feet  above  the  lake. 
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GUNFLINT  LAKE. 

A  small  stream  from  the  north  enters  the  east  end  of  the  lake 
just  north  of  the  boundary  river.  A  few  rods  west  of  the  mouth 
of  this  creek  gabbro  is  seen  lying  in  Animike  slates.  About 
one-eighth  of  a  mile  up  the  creek  rock  in  place  is  noticed.  This 
is  a  ridge  of  vertically  bedded  rock  supposed  to  be  Keewatin. 
Strike  is  'N.  80°  B.  Dip  is  not  constant.  Some  of  it  is  fine- 
grained and  flinty  and  resembles  the  Knife  lake  rock.  433.  Far- 
ther up  on  the  east  side  of  the  creek  the  same  rock  is  coarser 
and  not  so  siliceous,  but  contains  chlorite  or  sericite.     Ko.  434. 

It  was  because  of  reports  of  red  jasper  being  found  here 
that  a  visit  was  made  to  this  creek.  This  jasper  was  found  to 
be  in  beds  of  Animike  lying  horizontally  on  the  opposite  side  of 
the  bed  of  the  creek  from  the  Keewatin.  The  bed  of  this  stream 
lies  in  the  line  of  contact  between  these  two  formations.  The 
Animike  is  flinty  and  becomes  more  reddish  farther  up  the 
creek,  435. 

About  one-quarter  of  a  mile  up  the  stream  the  creek  spreads 
out  into  a  marshy  lake.  A  north  and  south  Canadian  survey 
line  between  297  T  and  298  T  crosses  the  creek  at  the  head  of  the 
rapid  water.  At  this  place,  on  the  east  side  of  the  stream,  are 
thick  beds  of  horizontal  Animike.  It  has  here  the  nature  of  a 
somewhat  decomposed,  fine,  dark  conglomerate.  The  pebbles 
in  it  are  iron  rusted;  they  are  sometimes  an  inch  long,  but  gen- 
erally less  than  half  an  inch.  They  are  flattened  horizontally, 
436.  On  a  knoll  above  this  conglomerate,  a  short  distance  east 
of  it  is  found  another  outcrop  of  schistose  Keewatin.  It  is  green* 
ish  and  somewhat  sericitic,  437. 

In  the  bed  of  this  same  creek  there  is  found  the  contact 
between  Keewatin  and  Animike.  The  two  rocks  are  very  simi- 
lar iu  appearance  and  texture  at  the  point  of  contact,  and  it  is 
only  by  followiug  up  what  is  plainly  Keewatin  on  one  side 
and  what  is  known  to  be  Animike  on  the  other  until 
they  come  together  that  the  junction  could  be  determined. 
Even  then  the  actual  line  of  contact  could  not  be  seen,  being  in 
the  bed  of  the  creek  of  running  water;  but  a  person  can  stand 
with  one  foot  on  rock  that  is  plainly  horizontally  stratified  and 
is  magnetitic,  and  the  other  foot  on  a  slightly  different  rock  that 
is  lighter  colored,  contains  no  magnetite  and  has  vertical  bands 
of  sedimentation.  The  space  between  is  occupied  by  rock  that 
may  belong  to  one  formation  or  to  the  other  and  is  somewhat 
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broken  up.  The  best  place  to  observe  this  contact  is  at  the 
water's  edge  on  the  east  side  of  the  brook.  The  Keewatin 
strikes  N.  80^  E.  and  has  a  high  dip  to  the  north  or  is  vertical; 
a  little  farther  down  the  creek,  however,  it  dips  8.  75°.  A  ridge 
of  the  Keewatin  on  the  east  side  of  the  stream  rises  above  the 
Animike  which  lies  nnconformably  in  almost  flat  beds  npon  and 
against  it.  The  Animike  is  438.  Specimens  of  the  Keewatin 
are  439. 

Groing  sonth  from  Gnnflint  lake  to  Loon  lake  a  ridge  of  gabbro 
300  feet  high  is  crossed.  Loon  lake  is  195  feet  above  Gnnflint  by 
aneroid.  Mayhew  lake  is  110  feet  above  Loon  lake.  It  is  sur- 
ronnded  on  the  west  side  by  low  gabbro  hills.  This  gabbro  con- 
tains considerable  magnetite.  Several  claim  cabins  are  located 
on  this  gabbro  ore.  The  gabbro  in  Tucker  lake  just  west  of 
Mayhew  lake  is  also  magnetitie.  It  is  quite  coarse  and  decayed 
and  presents  a  gneissic  or  foliated  appearance.  A  sample  from 
N.  B.  i,  K  W.  i  sec.  2,  64-3  is  440.  In  the  S.  W.  J,N.  W.  1  same 
section  there  is  some  flne  dioritic  looking  gabbro  which  also  con- 
tains magnetite.  441.  This  lake  being  305  feet  above  Gnnflint 
it  is  not  likely  that  there  is  any  Animike  exposed  on  its  shores; 
and  indeed  none  was  seen. 

In  the  S.  E.  i,N.  W.  i  sec.  2, 64-3  the  gabbro  contains  parallel 
bands  of  magnetite  which  dip  S.  40°  and  give  the  rock  a  decidedly 
stratified  aspect.  Some  of  the  beds  or  bands  of  magnetite  are 
four  or  five  inches  thick,  others  only  a  fraction  of  an  inch.  No. 
442. 

The  gabbro  on  the  south  side  of  Tucker  lake  presente  a  ba- 
saltic structure.  It  is  very  coarse  and  the  planes  of  intersection 
are  nearly  at  right  angles  with  each  other.  One  set  dips  S.  20° 
W.  45°;  the  other  set  is  vertical.  The  gabbro  here  is  unusually 
biotitic.  It  also  contains  white  feldspar  equal  in  amount  to  the 
labradorite  in  places.  !N^o  considerable  amount  of  magnetite 
was  seen  around  the  lake.     It  was  all  mixed  in  with  the  gabbro. 

The  point  that  runs  through  sec.  35,  65-3,  on  Loon  lake,  is 
highest  in  the  N.  W.  i  sec.  35.  It  is  made  up  of  hills  of  Ani- 
mike capped  by  trap  or  fine  gabbro.  There  is  here  a  thickness 
of  about  150  feet  of  black  Animike  slate  dipping  S.  30°  or  more, 
and  30  feet  or  more  of  trap  rock  on  top.  The  slate  and  trap  are 
represented  by  443  and  444  respectively.  There  is  a  gradual 
transition  between  these  two  rocks,  the  slates  having  been  some- 
what metamorphosed.  Large  pieces  of  coarse  porphyry  are  seen 
on  top  of  this  hill.  One  large  mass  had  trap  rock  stuck  fast  to 
Vol.  in.— 14. 
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one  Bide  of  it.  This  rock  was  not  seen  in  place  here,  bat  evi* 
dently  belongs  in  the  vicinity.  Nos.  445  and  445  A.  are  the  por- 
phyry and  trap.  The  Animike  here  appears  remarkably  thick 
and  the  gabbro  on  top  of  less  depth  than  supposed. 

In  the  N.  W.  J,  N.  W.  i  sec.  23,  65-4  is  a  pit  12  feet  deep 
which  goes  down  throagh  highly  magnetitic  beds  of  Animike 
for  nine  feet  and  then  into  the  granite.  This  is  nearly  as  high 
as  the  top  of  the  Giant's  range.  The  Animike  is  fine-grained 
and  contains  less  olivine  than  that  sonth  of  Birch  lake,  bnt  has 
very  mnch  the  same  general  appearance  and  lies  like  it,  in  strata 
dipping  S.  15**  to  30°.  The  best  ore  here  is  quite  pure.  About 
four  feet  thickness  of  this  good  ore  is  seen  at  the  top  of  the  sha^t. 
446.  This  ore  possesses  very  strong  'magnetic  properties.  The 
beds  of  Animike  which  lie  upon  or  closely  above  the  syenite  and 
granite  seem  to  be  very  generally  ferruginous  and  sometimes 
excellent  ore. 

The  rock  of  the  Giant's  range  here  is  very  similar  in  texture  to 
that  south  and  west  of  Birch  lake, —  only,  it  seems  to  contain 
mica  here  instead  of  hornblende.  The  gneissic  structure,  how- 
ever, the  color  and  the  abundance  of  large  bluish  grains  of  quarts 
are  suggestive  features  and  remind  one  instantly  of  the  Gianfs 
range  at  Birch  lake  and  at  Hinsdale. 

Chinflini  lake  to  Ogishke  Muncie.  In  the  N.  R  I  sec  25,  65-4, 
just  at  the  upper  end  of  the  first  portage  on  the  river  above  Gun- 
flint  lake  is  a  bluff  of  Animike  slates  on  the  south  side  of  the 
stream,  75  feet  high.  The  northern  face  of  the  bluff  is  perpendic- 
ular, exposing  finely  the  edges  of  the  nearly  horizontal  strata  of 
black  slate.  This  bluff  of  slate  is  seen  to  lie  upon  trap  rock  into 
which  it  grades  by  the  metamorphism  of  its  lower  beds.  This 
trap  or  greenstone  extends  in  a  bare  exposure  for  20  rods  or  more 
north  of  the  river.  It  is  seen  to  be  at  least  ten  feet  thick  and  has 
a  surface  dip  the  same  as  the  slate  beds.  In  some  places  it  is  por- 
phyritic  with  white  feldspar  in  spots  or  streaks:  it  tHen  looks 
like  the  porphyry,  445,  found  south  of  Loon  lake.  There  is  a 
great  exposure  of  this  massive  rock  here,  and  it  is  plainly  seen 
to  run  under  the  slate  bluff.  Some  of  the  Animike  is  a  breccia 
containing  angular  pieces  of  some  sedimentary  rock  and  of  a 
crystalline  rock  as  large  as  six  inches  in  diameter. 

The  greenstone  which  is  probably  part  of  the  Keewatin,  is  cut 
by  a  fine  trap  dyke  8  to  15  inches  wide,  exposed  for  100  feet 
running  N.  10^  R  It  contains  pieces  of  the  Animike  or  some 
other  sedimentary  rock.    Two  or  three  smaller  dykes  run  at 
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right  angles  to  this  one.   Nos.  447  to  447  H  are  from  here,  also 
ISo.  448,  which  represents  the  breeciated  Animike. 

On  the  trail  which  rnns  west  through  sections  26,  27  and  28, 
65-4,  no  rock  other  than  Jinimikeisseen.  The  country  is  ele- 
vated, 400  feet  at  least  above  Gunflint  lake,  and  yet  the  nearly 
horizontal  beds  of  slate  are  found  all  the  way  up  to  the  top. 
Some  of  it  is  quite  magnetic,  but  most  of  it  is  dark  carbona- 
ceous slate.  Boulders  of  .conglomerate  apparently  belonging  to 
this  formation  but  not  seen  in  place  are  No.  449.  Pebbles  of 
quartzose  and  feldspathic  rocks  an  inch  and  a  half  long  are 
found  in  this  conglomerate. 

A  diamond  drill  has  been  operated  on  the  north  side  of  the 
creek  in  N".  W.  J  of  sec.  28,  65-4.  There  has  also  been  made  a 
crpss  cut  here  up  on  to  the  hill.  The  beds  of  Animike  slate 
and  olivinitic  magnetite  have  here  a  much  higher  dip  than  usual, 
— S.  60®  —  S.  75®.  There  is  considerable  good  magnetite  here, 
but  the  beds  are  not  thick  enough  to  pay  for  working,  450.  The 
tilted  condition  of  the  Animike  seems  to  be  accounted  for  by  the 
rock  which  lies  under  it  and  which  rises  about  100  feet  above  it 
in  the  ridge  north.  This  rock  is  a  kind  of  greenstone  (Kee- 
watin),  in  some  plad^  looking  a  little  like  fine  decomposing 
gabbro,  containing  considerable  biotite  at  this  locality.  It  con- 
tains labradorite  and  olivine  and  very  little  magnetite.  The 
Animike  is  plainly  seen  to  lie  upon  this  rock  which  has  slightly 
metamorphosed  the  nearest  or  bottom  bed  of  quartzyte  and  iron 
ore.  The  lower  beds  of  the  iron  bearing  formation  here  are 
often  exceedingly  pyritous.  Nos.  451  and  452  are  from  here. 
The  latter  number  is  applied  to  drill  cores  from  here.  These 
show  the  gradations  and  changes  of  the  Animike  beds  as  they 
become  crystalline  toward  the  bottom  and  pass  through  meta- 
morphosed strata  into  the  greenstone.  The  manner  in  which 
the  drill  penetrated  the  beds  of  Animike  is  shown  by  the  follow- 
ing diagram. 
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J^p.  S,    Animitt  bitU  on  gneiulone.    WiBl  of  QuatllDt  Inks.    Eut  of  Chub  Uke. 

This  greenstoDe-gabbro  ridge  ntuB  west  of  here  for  several 
miles,  and  the  Anlmike  is  foand  to  lie  on  it  in  several  ocher 
localities  much  the  same  as  it  does  here. 

Another  drilling  tras  made  about  i  mile  south  of  the  camp  Id 
sec.  28,  66-4.  Samples  from  here  are  453.  These  drill  cores 
show  the  streaks  and  bands  of  hornblende  crystals  which  are 
fonnd  In  the  lower  beds  of  the  Animil^  qaartzyte;  also  the 
pyritiferons  strata.  Some  of  them  contain  biotite  also  and  are 
partially  metamorphosed  into  the  underlying  greenstone.  This 
drilling  according  to  Mr.  John  M.  Millar  of  Grand  Marais,  one 
of  the  owners  of  the  land,  went  through  the  ore  in  which  it 
started,  and  about  12  feet  into  the  "  north  qnartzyte;"  by  which 
he  must  mean  the  underlying  greenstone. 

The  same  parties  who  did  the  work  mentioned  above  also 
drilled  in  the  N.  E.  1  sec.  29,  65-4  a  short  distance  west  of  the 
first  drillings.  According  to  Mr.  Millar  the  record  for  this  work- 
ing, which  is  near  Chub  lake,"*"  is  as  follows:  Quartzyte  36  feet, 
clean  ore  15  feet,  mixed  ore  17  feet,  clean  ore  10  feet,  greenstone 
12  feet.  Mr.  Millar  calls  the  last  "the  north  quartzyte,"  but  he 
evidently  must  refer  to  the  greenstone  on  which  the  ore  and 
quartzyte  beds  lie. 

From  this  record  it  seems  that  there  is  a  large  quantity  of 
magnetite  at  this  place  which  willprobably  prove  to  be  valuable. 
The  parties  who  own  this  property  are  waiting  only  for  the  ad- 
vent of  a  railroad  to  commence  extensive  mining  operations. 
This  is  the  first  deposit  in  the  Animike  in  Minnesota  known  U> 

•  Mr.  MUlkT  >UMa  thM  tha  nuia"Ake1er"  wu  ipplled  Ui  Itala  liks  HTenl  r«HlM[i>nl' 
wu  ulled  "Cbublkkg,"  No  mip,  hoireier,  hu  bfeu  ihd  lo  ban  ibKt  Dune  and  *i  U  bu 
■Inidj  bean  ntsmid  lo  In  pubLiabed  nporti  u  Cbub  like,  tb«  luuos  i>  reUlned. 
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be  of  snfficient  extent  and  richness  to  rep^y  investment  and 
development. 

The  nsnal  roate  to  Ogishke  Mnncie  was  not  followed  here,  bat 
the  more  circoitoos  one  through  the  lakes  southwest  of  Ghnb 
lake  was  taken.  I  can  not  refrain  from  stating  here  by  way  of 
parenthesis  that  the  township  plat  of  65-4  is  the  most  unreliable 
of  any  it  has  ever  been  my  misfortune  to  be  misled  by.  The 
lakes  in  the  southwest  part  of  the  township  are  delineated  by 
guess-work  and  very  poor  at  that. 

In  the  N.  W.  i  sec.  35,  65-5  is  a  knoll  of  Animike  quartzyte. 
It  has  an  elevation  of  about  50  feet  on  the  south  side  of  the 
stream.  It  dips  south  about  75°  and  strikes  east  and  west.  It 
contians  thin  beds  of  good  magnetite,  454.  Across  the  valley 
which  lies  on  the  south  side  of  it,  is  found  gabbro. 

About  a  quarter  of  a  mile  west  of  the  last  is  a  portage  of  100 
paces  around  a  rapid  in  the  small  stream.  It  is  here  seen  that  the 
knoll  spoken  of  above  is  a  part  of  a  ridge  of  Animike  that  is 
found  all  along  the  south  side  of  this  marshy  stream.  On  the 
south  side  of  this  portage  trail,  IKT.  W.  i  sec.  35,  65-5,  is  a  pre- 
cipitous bluff  about  40  feet  high,  facing  north.  The  lower  half 
or  perhaps  one-third  of  this  bluff  consists  of  greenstone  similar 
to  that  north  of  Chub  lake,  but  containing  less  biotite.  The 
upper  half  or  two-thirds  is  Animike  quartzyte  and  iron  ore 
tilted  up  so  as  to  dip  S.  70°  or  more  and  striking  about  east  and 
west.  There  is  an  abrupt  line  of  contact  here  shown  to  exist 
between  the  quartzyte  and  the  Keewatin  (t)  greenstone  and  the 
impression  made  upon  an  observer  of  the  situation  is  that  the 
greenstone  is  the  cause  of  high  dip  of  the  quartzyte  and  iron 
ore  beds. 

This  is  a  very  fine  contact.  The  stratified  quartzyte  is  seen 
for  several  feet  lying  directly  upon  the  massive  greenstone.  At 
this  place  then  the  Animike  is  but  very  slightly  modified  by  the 
igneous  rock  beneath  it,  and  on  that  account  it  seems  as  though 
the  strata  must  have  been  deposited  in  a  horizontal  position  on 
the  greenstone  and  that  both  were  folded  and  tilted  at  a  later 
period.  But  at  other  places  east  of  here  a  few  miles  the  Ani- 
mike is  greatly  metamorphosed  so  that  the  line  of  contact  is  not 
discernible,  and  the  greenstone  might  be  supposed  to  be  all 
modified  Animike.  The  greenstone  near  the  contact  is  a  little 
finer-grained  and  less  massive  than  it  is  two  feet  below;  but  no 
other  change  is  apparent.  Specimens  of  the  Animike  from  the 
contact  are  455.    The  contact  was  seen  again  150  paces  west  of 
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this  place;  bad  it  is  not  so  plainly  risible.  Sampler  of  the  Ani- 
mike  from  tlie  western  contact  are  465  A.  Specimens  of  the 
greenstone  from  tlie  eastern  place  are  Kos.  466  to  456  C,  taken  in 
order  receding  from  the  line  of  contact.  Greenstone  from  the 
Testern  contact  is  TSo.  456  B. 


Us-  *■    Animiit  li/lns  on  greautimt,  TawDthlp  6S-S. 

At  the  upper  end  of  the  portage  are  Bome  large  i 
greenstone,  not  in  place,  vhich  are  conglomeritic.  Bounded 
pebbles  and  bonlders  of  light  and  dark  colored  rock — some  of 
them  six  inches  in  diameter — occur  in  it.  This  rock  seemed  to 
be  very  mndi  like  the  conglomerate  of  Oglsbke  Mnncie  lake, 
467. 

On  the  north  side  of  the  creek  from  the  blaff  where  the  con- 
tact is  seen  there  is  a  higher  ridge  than  on  the  south  side.  The 
rock  composing  it  does  not  appear  to  be  so  tough  and  basic  as 
most  of  the  rock  which  is  subjacent  to  the  Antmike  quartzyte  in 
this  region,  458.  It  is  a  fine,  greenish-brown,  crystalline  rock 
containing  feldsjMU',  mica,  olivine  (T)  and  a  little  magnetite. 

Iron  ore  is  marked  on  the  plat  as  existing  in  large  qnaatities  on 
the  line  between  sections  12  and  13,  64-6.  This  locality  was  vis- 
ited and  the  rock  was  found  to  be  magnetitic  gabbro.  No  good 
magnetite  was  seen.  Some  of  the  gabbro  from  this  place  is  very 
coarse  and  coutains  coarse  hornblende,  468  A. 

Gabbro  is  the  only  rock  found  along  the  shore  of  Gabemichi- 
gama  lake  for  some  distance  from  the  N.  E.  comer  sec.  6,  64-5, 
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469.  It  is  quite  fine  grained  and  somewhat  decayed.  On  the 
soutibi  side  of  the  island  in  N.  W.  i  see.  6,  64-5,  however,  was 
found  a  bluff  of  rock  rising  20  feet  out  of  the  lake,  which  may 
be  modified  Animike.  It  has  gabbro  on  top  and  to  the  north  of 
it.  It  is  apparently  not  connected  with  the  trap  dyke  which 
erosses  the  point  southwest  of  the  island  on  the  main  shore. 

Iron  ore  being  reported  in  the  S.  E.  i  sec.  1,  64-6,  this  place 
was  visited.  No  extensive  deposits  of  high  grade  or  even 
medium  grade  ore  were  found.  The  rock  is  gabbro  which  is 
ferruginous  in  spots,  461.  A  rock  was  found  here,  lying  under 
the  gabbro,  which  may  be  Pewabic  quartzyte.  It  is  gray  and 
fine-granular  and  when  decomposed  resembles  a  sandstone.  So 
little  of  it  crops  out  of  the  hUI  here,  and  it  is  so  covered  by 
debris  from  above  that  but  little  could  be  learned  concerning  its 
relation  to  the  gabbro,  462. 

OTTEE  TBAOK  LAKE. 

Bed  jasper  and  vertical  magnetitic  schists  having  been  reported 
from  this  lake  a  visit  was  made  to  it.  The  lake  is  surrounded 
by  high  hills  of  siliceo-felsitic  rock  standing  in  vertical  beds 
which  strike  on  the  average  N.  65®  to  N.  70°  E.  on  the  south  side 
of  the  lake.  The  strike,  however,  is  not  constant  in  all  parts  of 
the  region  bordering  on  the  lake.  In  some  places  near  the  west 
end  of  the  lake  the  evidences  of  aqueous  deposition  are  unmis- 
takable and  exist  in  the  shape  of  parti-colored  bands  running 
through  the  fiinty  rock.  These  bands  do  not  always  coincide 
with  the  schistosity  which  is  a  more  general  structure  and  sub- 
ject to  fewer  deviations  from  the  usual  direction. 

In  the  N.  W.  i  sec.  33,  66-6  the  hills  are  very  high,  being  290 
feet  above  the  lake  by  aneroid.  Near  the  lake  the  rock  is  feld- 
spathic  and  graywackenitic.  Farther  south  it  becomes  almost 
aphanitic  and  is  flinty.  One  sample  which  shows  a  conglomer- 
itic  aspect  of  this  rock  is  463.  A  sample  which  is  very  much 
like  the  magma  of  the  Ogishke  conglomerate  is  463  A.  Other 
specimens  showing  the  graduation  into  flint  are  Nos.  464,  464  A 
and  464  B. 

In  the  bottom  of  the  valley  in  N.  W.  J,  N.  \V.  i  sec.  33,  66-6 
some  of  the  rock  is  magnetitic.  It  stands  like  the  rest  of  the 
rock  and  the  ferruginous  strata  are  very  limited  in  extent.  465. 
Up  on  the  hill  east  of  the  last  are  seen  a  couple  of  short  twisted 
jaspilyte  beds  inclosed  in  the  rock.    They  are  not  over  a  foot  or 
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crarapled  maae  of  jasper  and  magnetite  shonid  occnr  in  the  green 
achists  here  and  have  qo  continaation  iu  the  line  of  strike  nor 
any  connection  with  the  Keevatin.  Samples  of  the  jaspilyte  are 
469.  The  magnetite  is  469  A.  Specimens  of  schist  and  jaepilyte 
from  a  contact  are  Nos.  470  and  470  A.  The  strata  in  the  jasper 
tuid  iron  cliff  are  generally  lees  than  half  an  inch  thick  bat  some- 
times a  Btratnm  of  jasper  two  inches  vide  is  seen.  Glaciated  snr- 
Jaces  are  obBerred  on  the  side  walls  of  these  bla£b  both  at  top  and 
bottom. 

The  following  figare  shows  how  the  jaspilyte  beds  are  cram- 
pled. 


ns.B.   IHittrltdbtd4<lfilupayla;n 


h  than  OUtr  Tnuk  lain. 


There  is  a  trail  tanning  north  from  OtterTrack  lake  aboat  one 
mile  and  a  half  from  the  western  end.  The  coantry  is  sarveyed 
and  good  lines  are  cnt.  The  hills  crossed  by  the  trail  are  very 
high,  some  of  them  being  the  most  elevated  land  in  the  entire 
r^^on,  commanding  a  view  of  the  conntry  for  miles  aronnd. 
They  are  all  heavily  timbered  aiid  have  some  good  white  and 
Norway  pine. 

VoL  III— .15 
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eighteen  inches  wide  and  but  a  few  feet  long,  l^ej  stand  verti- 
cal. The  iron  ore  in  them  is  magnetite.  No.  466.  The  contact 
between  the  jaspilyte  and  Keewatin  is  abrupt.  466  A. 

On  the  north  side  of  Otter  Track  lake  in  what  would  be  the 
N.  W.  i  sec.  27,  66-6  if  the  U.  8.  survey  lines  were  extended 
across  into  Canada,  is  a  perpendicular  bluff  of  rock  120  feet  high 
and  rising  still  much  higher  a  short  distance  back  from  the  lake. 
This  bluff  consists  of  seridtic  or  chloritic  schists  in  vertical  beds 
—  as  far  as  any  bedding  was  observed — and  striking  iN".  75°  E. 
At  the  top  this  rock  is  seen  to  be  a  coarse  green  agglomerate 
like  that  in  the  Keewatin  at  Long  lake,  made  up  of  coarse  boul- 
ders of  the  same  material  as  the  formation  in  general.  It  is  also 
^Iciferons,  and  the  boulders  are  amygdaloidal,  particularly 
around  their  periphery.  In  fact  the  rock  is  macroscopically 
identically  the  same  in  every  respect  as  that  around  Ely.  Sam- 
ples of  the  boulders  which  contain  amygdules  are  467.  Speci- 
mens from  boulders  which  were  not  amygdaloidal  are  46*7  A. 
The  rock  between  and  around  the  .  boulders  is  calciferous  and 
sometimes  quartzose,  and  is  very  frequently  a  breccia,  468.  This 
rock  appears  very  much  like  the  regular  Keewatin  schists  which 
grade  into  it  in  this  region  and  which  grade  in  the  other  direc- 
tion into  the  fine  vertically  bedded  siliceous  rock  of  Knife  lake, 
and  the  same  rock  on  the  north  side  of  this  lake  both  of  which 
show*  indisputable  sedimentary  banding.  It  is  impossible  to 
separate  or  distinguish  a  line  of  separation  between  these  rocks. 
They  grade  conformably  into  each  other. 

Just  east  of  the  perpendicular  bluff  mentioned  above,  the 
bluffs  are  lower.  The  next  one  east  is  a  cliff  of  magnetitic  jas- 
pilyte. The  beds  of  ore  and  jasper  are  very  much  crumpled  and 
distorted;  but  in  spite  of  the  folding  and  doubling  the  strata  are 
always  nearly  vertical.  The  jasper  is  colored  various  shades  of 
red  to  nearly  or  quite  black,  and  the  iron  ore  does  not  amount  to 
much.  There  is,  however,  a  large  body  of  these  iron  schists 
inclosed  in  the  green  schists  here,  the  jaspilyte  continuing  for 
100  paces  along  the  shore  and  40  paces  back  from  the  brow  of 
the  cliff.  The  green  schist  runs  into  and  around  parts  of  the  jas- 
pilyte in  long  elbows  and^tongues.  The  contact  between  the  two 
was  seen  in  several  places.  It  was  always  abrupt  and  vertical 
and  the  change  was  notjj  gradual  but  immediate  from  one  to  the 
other.  The  contact  lines  are  in  all  directions  of  the  compass. 
The  jasper  soonj  becomes  narrower  and  stops  suddenly  at  both 
ends  in  the  line  of  strike.  ^It^isj  a  little  peculiar  that  such  a 
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crumpled  mass  of  jasper  and  magDetite  shonld  occar  in  the  green 
Bchists  here  and  bave  no  contimiation  in  the  line  of  strike  nor 
any  cotmeotioD  with  the  Keewatin.  Samples  of  the  jaspilyte  are 
469.  The  magnetite  is  469  A.  Specimens  of  schist  and  jaspilyte 
from  a  contact  are  ^os.  470  and  470  A.  The  strata  in  the  jasper 
and  iron  cliff  are  generally  lees  than  half  an  indi  thick  bat  some- 
timee  a  stratnm  of  jasper  two  inches  wide  is  seen.  Glaciated  sur- 
faces are  observed  on  the  side  walla  of  these  bln£Gs  both  at  top  and 
bottom. 

The  following  figure  shows  how  the  jaspilyte  beds  are  cram- 
pled. 


Kl.S.   DUItrUdbtdi'^jaipayf.naranhonOUttTraiiUikt. 

There  is  a  trail  rnuning  north  from  Otter  Track  lake  abont  one 
mile  and  a  half  from  the  western  end.  The  country  is  sarreyed 
and  good  lines  are  cut.  The  hills  crossed  by  the  trail  are  very 
high,  some  of  them  being  the  most  elevated  land  in  the  entire 
region,  commanding  a  view  of  the  country  for  miles  around. 
They  are  all  heavily  timbered  and  have  some  good  white  and 
Norway  pine. 
Vol.  in— .15 
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The  rock  is  the  same  for  at  least  a  mile  and  a  half  north  of  the 
lake.  That  is,  it  all  belongs  to  the  same  formation,  supposed  to 
be  the  Keewatin.  It  stands  in  vertical  beds  which  strike  U.  50° 
to  IS.  75°  E.  Some  of  it  is  quite  finely  schistose  and  chloritic 
and  some  becomes  hard  and  feldspathic  and  semi-crystalline.  ^ 
tongh,  green  sample  of  the  latter  kind  of  rock  is  471.  It  is 
from  the  corner  marked  "E333"  and  "B  337,"  about  half  a 
mile  north  of  the  lake. 

One  high  ridge  consists  of  this  green  rock  in  a  porphyritic 
state.  The  feldspar  crystals  are  large  but  are  not  pure  nor  angu- 
lar in  shape.  In  fact  they  appear  more  like  rounded  lumps  of 
white  felsyte,  but  are  evidently  crystalline.  Samples  of  this  rock 
from  the  north  side  of  a  lake  about  half  a  mile  long  which  lies 
near  Otter  Track  lake  on  the  north,  are  472. 

Coarse  agglonveritic  greenstone  similar  to  that  at  Ely  was  also 
seen  here.  It  always  presents  the  fine  amygdaloidal  cavities 
and  small  calcite  amygdules  around  the  peripheries  of  the  boulder 
forms  inclosed  in  it. 

In  many  places  north  of  this  lake  there  may  be  seen  beds  of 
red  and  black  jasper  and  magnetite  enclosed  in  the  green  rock. 
These  deposits  vary  in  extent  and  in  the  richness  and  purity  of 
the  ore  which  they  contain.  Sometimes  the  rock  itself  seems  to 
£Bide  into  jasper  and  to  become  ferruginous  and  banded.  At 
other  times  the  rock  is  quite  massive  in  appearance  and  has  an 
abrupt  contact  with  the  enclosed  masses  of  jaspilyte.  The  fact 
that  some  of  the  jaspilyte  beds  seem  to  graduate  into  the  green 
rock  seems  to  afford  some  support  to  the  theory  that  some  beds 
of  the  Keewatin  formation  are  ferruginous,  and  that  owing  to 
their  different  composition  they  were  not  rendered  hard,  mas- 
sive and  semi-crystalline  nor  soft  and  schistose  by  the  heat  and 
pressure  attendant  upon  the  folding  of  the  eartti's^  crust,  bnt 
present  the  evidence  of  having  been  subjected  to  these  same 
forces  and  influences  in  the  crumpled  condition  of  their  strata. 
It  is  very  seldom  that  the  beds  of  jaspilyte  are  straight  for 
any  considerable  distance.  They  are  almost  always  folded  and 
bent  as  in  the  foregoing  diagram. 

Samples  of  the  rock  which  seem  to  be  grading  into  red  and 
black  jasper  are  Nos.  473  and  473  A..  A  sample  in  which  the 
magnetite  appears  in  the  green  rock  and  not  in  jasper  is  473  B. 
The  jaspilyte  is  474.  An  average  sample  of  the  non-schistose 
variety  of  this  rock  is  475. 

This  green  rock  is  all  very  much  jointed  and  decayed  far  into 
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the  seams  and  it  is  difficult  to  obtain  fresh  samples.  No  exten- 
sive iron  ore  deposits  were  seen.  The  beds  of  jasper  and  mag- 
netite all  seem  to  be  quite  limited  in  extent  both  as  to  length 
and  thickness,  and  what  there  is,  is  at  least  half  jasper  and  the 
other  half  but  poor  iron  ore. 

LAKE  YIRA. 

This  lake  is  reached  by  a  portage  of  900  paces  from  the  south- 
west end  of  Knife  lake.  It  lies  in  sections  1 ,  2  and  3,  64-8  and 
is  surrounded  by  vertical  schists  and  argillytes.  A  sample  of 
argillyte  from  the  K.  W.  i  of  S.  E.  J  sec.  2,  64-8  is  a  fair  illus- 
tration of  most  of  the  rock  surrounding  this  lake,  476.  The 
strike  is  N.  80^  E.:  dip  at  a  high  angle  to  the  north:  glaciation 
N.  40®  E.  This  lake  does  not  differ  much  from  Knife  lake  in 
hight:  but  it  is  40  feet  by  aneroid  above  Ensign  lake  into  which 
it  flows  by  a  good -sized  stream. 

There  are  high  precipitous  bluffs  of  schist  and  graywacke  at 
the  west  end  of  the  lake.  We  cut  a  portage  of  1150  paces  from 
lake  Vira  to  Ensign  lake.  The  country  between  Knife  lake  and 
Yira  lake  is  burnt  over,  but  that  from  Yira  lake  to  Ensign  lake 
is  covered  with  green  timber. 

In  the  N.  E.  i  sec.  10,  64-^  on  Ensign  lake  the  rock  is  a  soft, 
fissile  argillitic  schist  showing  no  bands  of  sedimentation  but 
having  a  wavy  schistose  structure  trending  N.  80°  E.  The  dip 
is  about  vertical  or  at  a  high  angle  to  the  north.  Olaciation  is 
N.  24°  B. 

DISAPPOINTMENT  LAKE.  * 

This  lake  is  reached  by  a  portage  of  1150  paces  from  Snow- 
bank lake.  There  are  two  other  ways  to  reach  it  by  good  port- 
age trails.  The  physical  aspect  of  the  country  around  this  lake 
is  quite  different  from  that  around  Snowbank  lake.  It  is  in  a 
burnt  region  where  the  bare  and  dead  tree  trunks  are  still  stand- 
ing.   This  lake  is  75  feet  by  aneroid  above  Snowbank. 

About  450  paces  from  Snowbank  lake  a  ridge  of  mica  schist 
is  crossed  by  the  tradl.  The  mica  is  in  small  glistening  scales. 
The  strike  of  this  schist  is  N.  45°  E.  A  sample  from  S.  W.  iy 
8.  W.  *  sec.  32,  64-^  is  477. 

This  mica  schist  is  cut  and  penetrated  by  intrusions  or  veins 
of  fine-grained,  red  granite.    This  appears  in  the  next  ridge 
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east  of  last,  478,  Large  masses  of  conglomeritic  mica  schist  ap- 
pear here  on  the  sarfetce  but  do  not  seem  to  be  in  place.  This 
rock  however  is  found  in  situ  at  the  east  end  of  the  portage  in  B. 
E.  i  sec.  32,  64-8.  The  schist  is  hornblendic  and  appears  to  be 
hardened.  It  is  fall  of  boulders  of  various  kinds  of  crystalline 
rocks  in  masses  of  all  sizes  up  to  a  foot  in  diameter.  There  is  a 
great  deal  of  this  rock  here.  No.  480.  A  sample  of  mica  schist 
from  here  which  is  not  from  conglomeritic  beds  and  is  more  schis- 
tose than  that  which  is,  is  479.  The  conglomeritic  mica  schist  is 
also  penetrated  by  the  red  granite  intrusions.  480  A.  These  are 
of  all  thicknesses  up  to  20  feet  and  run  in  all  directions. 

There  is  a  dyke  of  trap  rock  on  the  north  side  of  the  i>ortage 
at  this 'lake.  It  is  about  10  feet  wide,  and  runs  N.  30""  W.,  481. 
The  strike  of  the  schists  here  is  not  that  of  the  formations  gen- 
erally in  this  region.  It  varies  from  N.  E.  and  S.  W.  to  N.  and 
S.    In  the  K  W.  i  sec.  5,  63-8,  the  strike  is  N.  16°  E. 

The  schist  is  decidedly  conglomeritic  in  the  K  E.  i  sec.  5, 
6^-S.  Most  of  the  boulders  are  lenticular,  but  many  of  them 
are  nearly  round.  The  general  strike,  where  there  is  any  strike 
apparent,  is  N.  30°  E.  One  sample  of  finely  conglomeritic  mica 
schist  is  489. 

In  the  S.  }  N.  W.  i  sec.  4,  63-8  the  mica  schist  seems  to 
undergo  a  decided  change,  going  east  along  the  lake  shore.  It 
becomes  less  schistose,  contains  less  mica  and  occurs  in  hills  and 
knolls  of  uneven  hight  which  do  not  display  any  strike  or  evi- 
dence of  sedimentation  or  schistosity.  In  the  S.  E.  },  IS.  E.  I 
sec.  4,  63-8  the  rock  does  not  seem  to  contain  any  mica,  but  is  a 
finegrained,  grayish-brown  rock  like  what  has  been  termed  in 
some  former  repo'rts  of  this  survey  "muscovado."  It  lies  in 
rod!lid-topped  knolls  which  have  the  shape  and  appearance,  at 
a  little  distance,  of  gabbro  hills.  Some  of  it  is  peculiarly  mot- 
tled. 

Gtoing  south  from  Disappointment  lake  into  the  N.  B.  i  of  S. 
W.  i  sec.  4,  63-8  a  ridge  of  magnetite  and  quartzyte  is  crossed. 
It  is  about  ten  rods  wide:  the  strata  stand  nearly  vertical  and 
strike,  as  nearly  as  could  be  estimated,  for  the  needle  is  reversed, 
N.70°E.  This  rock  is  supposed  to  beAnimike.  It  is  oliviniticand 
fine-grained  and  the  iron  ore  is  brilliant  and  gianular  and  very  mag- 
netic like  the  other  ore  from  the  same  horizon.  The  only  reason 
for  doubting  that  it  is  Animike  is  that  it  stands  on  edge  and  has 
the  "muscovado"  or  altered  mica  schist  on  the  north  of  it 

Mr.  H.  W.  Gheadle  owns  a  claim  here.    He  has  done  some  strip- 
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ping  which  gives  a  good  section  of  the  rocks  np  the  slope  of  the 
hill.  Fine-grained  gabbro  is  seen  lying  on  the  np-tarned  edges 
of  the  iron  ore  beds.  This  forms  a  small  ridge.  The  next  ridge 
to  the  south  is  composed  of  coarse  gabbro  containing  a  large  per 
cent  of  titaniferons  (  f  )  magnetite.  South  of  here  are  high  ridges 
of  this  same  gabbro.  Nos.  490,  490  A  and  490  B  show  the  tran- 
sition from  mica  schist  to  muscovado;  491  is  the  Animike  iron  ore 
and  quartzyte.  This  rock  is  much  decayed  and  broken.  It  has 
suffered  the  effects  of  frost  and  forest  fires  as  well  as  of  upturn- 
ing, gabbro  overflow  and  gladation.  Fine-grained  gabbro  from 
on  top  of  the  ore  beds  is  492.  Coarse  gabbro  is  493.  There  is 
quite  a  deposit  of  good  magnetite  here  which  may  prove  to  be 
valuable. 

The  muscovado  schist  or  rather  the  mica  schist  has  somewhat 
the  aspect  of  an  altered  igneous  rock.  It  is  not  regularly 
schistose  nor  very  micaceous  but  is  full  of  holes  and  farrows,  etc. 
The  muscovado  again  grades  into  mica  schist  which  is  so  feld- 
spathic  as  to  be  almost  gneiss,  east  of  here.  It  is  also  generally 
conglomeritic;  in  some  places  almost  entirely  composed  of  small 
I>ebbles  and  boulders,  in  others  not  any  being  seen.  -  Specimens 
of  this  rock  from  the  K  E.  i  sec.  4,  63-8,  are  numbered  494. 

The  mica  schist  in  the  S.  W.  i  sec.  34,  64-8  approaches  gneiss 
in  texture  and  composition.  Ifc  is  hardly  at  all  schistose  and  in 
places  is  almost  massive  but  has  the  cleavage  and  color  of  mica 
schist.  It  contains^  fine  hornblende  crystals.  Some  of  it  is  firm 
and  brittle  and  may  be  called  fine  syenite,  495. 

In  the  S.  W.  i  sec.  34,  64-8  the  mica  schist  becomes  much 
more  regular  and  loses  its  conglomeritic  aspect.  It  is  hard  and 
fine-grained.  Uo  definite  and  permanent  strike  or  dip  is  dis- 
cernible. 

Near  the  west  quarter  post  of  sec.  34,  64-8  the  mica  schist  has 
a  kind  of  structure  which  runs  N.  10°  W.  It  also  becomes  con- 
glomeritic, containing  flattened  boulders  of  granite  and  other 
varieties  of  crystalline  rock  eight  inches  long.  The  longer  axes 
of  these  boulders  point  N.  10°  W.  This  is  regular  mica  schist 
conglomerate  not  like  the  many  boulders  and  fragments  of  dia- 
basic  and  porphyritic  agglomerate  which  abound  in  this  place. 

There  is  a  great  exposure  of  conglomeritic  mica  schist  in  the 
N.  E.  i  sec.  33,  64-8.  It  all  has  a  general  strike  N.  10°  W.,  and 
seems  to  be  regular  mica  schist,  496. 

In  the  N.  W.  i  sec.  34  and  the  S.  W.  i  sec.  27,  64-«  there  is  a 
most  wonderful  exhibition  of  conglomerate  and  diabase.    Going 
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east  from  the  point  in  the  K.  E.  i  sec.  33  the  conglomeritic  mica 
schist  becomes  coarser  and  more  fall  of  bonlders.  These  consist 
of  various  kinds  of  light-colored  crystalline  and  dark  hornblendic 
rocks;  and  are  many  of  them  a  foot  long.  The  mica  schist  grad- 
ually becomes  harder  and  less  siliceous  until  it  is  diabasic  East 
of  the  lake  there  are  high  ridges  rising  75  to  150  feet  above  the 
water.  These '  become  more  and  more  diabasic  until  they  cul- 
minate in  a  high  ridge  of  nearly  massive  diabase  about  a  quarter 
of  a  mile  from  the  lake.  There  is  a  coarse  schistosity  seen  in 
this  ridge  in  places.  The  strike  of  the  rocks  as  shown  by  the 
schistosity,  the  direction  of  the  longer  axes  of  the  boulders  and 
the  foliation  of  the  mica  schist  are  aU  about  northwest.  These 
ridges  offer  one  of  the  finest  exposures  of  conglomerate  and 
agglomerate  seen  in  this  entire  region.  The  rock  in  places  is 
just  as  full  of  boulders  as  it  can  be.  These  become  smaller  and 
more  compressed  toward  the  east,  and  disappear  altogether  in 
the  vicinity  of  the  diabase  ridge.  Some  of  the  diabasic  schist  is 
porphyritic.  Samples  of  the  conglomerate  are  497.  Diabasic 
schist  is  498.  Diabase  is  499.  Oneissic  schist  from  the  edge  of 
the  lake  showing  foliation  which  was  northwest  is  500.  Biotite 
schist  from  a  well-defined  dyke  about  a  foot  wide  which  cuts  the 
diabasic  agglomerate,  rvinning  about  east  and  west,  is  501. 

It  is  quite  remarkable  that  there  is  here  a  gradual  transition 
from  mica  schist  to  diabase.  There  is  no  place  where  there  is 
an  abrupt  change.  The  mica  schist  is  conglomeritic  and  the 
diabase  is  agglomeritic.  They  are  both  schistose  and  have  the 
same  trend  and  seem  to  be  vertical,  as  far  as  bedding  is  indicated 
by  foliation  and  schistosity.  It  is  a  very  thick  conglomerate  too: 
fully  two  miles  across  the  strike.  'So  attempt  will  be  made  to 
account  for  this  transition  here  nor  to  prove  whether  there  are 
two  conglomerates  here  or  not. 

In  the  N.  E.  i,  S.  W.  t  sec.  27,  64r-8  the  rock  is  very  fine  and 
even-grained,  and  so  siliceous  as  to  be  flinty,  502.  Olaciation  is 
N.  34°  E.    N'o  regular  bedding  or  schistosity  is  seen  here. 

In  the  north  end  of  the  bay  in  the  S.  W.  J,  N.  W.  i  sec.  27, 
64-8  the  siliceous  rock  becomes  porphyritic  with  small  imperfect 
white  and  yellow  feldspar  crystals.  It  is  indistinctly  conglomer- 
itic in  places  and  is  coarsely  schistose,  503.  Large  masses  of 
hydro-mica  schist  are  seen  here  and  indicate  beds  of  this  rock 
in  the  vicinity. 

West  of  here  the  rock  becomes  a  porphyritic  conglomerate 
and  in  places  over  quite  a  wide  extent  is  micaceous  porphyritic 
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conglomerate.  Many  of  the  included  boulders  are  more  por- 
phyritic  than  the  magma.  The  strike  is  N.  10**  W.  All  of  this 
rock  is  more  or  less  hornblendic.  Around  the  lake  shores  the 
rock  is  peculiarly  pitted  and  full  of  holes  where  some  of  the 
softer  boulders  have  been  washed  out.  l^o  pieces  of  red  jasper 
were  noticed  in  this  conglomerate,  such  as  are  seen  in  the 
Ogishke  Muncie  conglomerate.  Wherever  the  rock  is  decidedly 
micaceous  it  is  intersected  and  penetrated  by  red  granite  or 
syenite  intrusions.  This  is  especially  the  case  on  the  large  island 
in  the  S.  E.  i  sec.  32,  64-8. 

ROUND  LAKE. 

This  body  of  water  lies  west  and  southwest  from  Disappoint- 
ment lake,  the  waters  from  which  flow  through  Bound  lake  before 
reaching  Snowbank  lake.  It  is  30  feet  lower  than  Disappoint- 
ment lake,  and  is  reached  from  it  by  a  portage  of  540  paces. 
Mica  schist  is  seen  on  the  trail.  It  is  more  feldspathic  and  com- 
pact or  gneissic  than  that  farther  northeast.  In  the  N.  E.  i  sec. 
6,  63-8  the  mica  schist  changes  to  gneiss  or  syenite  gneiss.  There 
is  but  a  small  quantity  of  this  rock  here,  however,  most  of  it 
being  a  mixture  of  mica  and  hornblende  gneiss  and  mica  schist. 
The  beds  have  been  considerably  crumpled  so  that  no  general 
strike  is  observable.  A  sample  of  mica  schist  from  the  S.  E.  i  of 
N.  E.  i  sec.  6,  63-8  is  numbered  482.  Syenite  gneiss  from  theN. 
W.  J,  K  E.  t  sec.  6,  63-8  is  483. 

The  west  side  of  Bound  lake  has  syenite  around  the  shores. 
This  becomes  dark  and  siliceous  and  changed  into  a  peculiar 
rock  that  seems  to  have  been  affected  by  the  proximity  of  some 
igneous  rock  or  other  metamorphosing  agent.    484. 

In  the  N.  W.  i,  K  E.  i  sec.  7,  63-8  the  syenite  lies  under  a  hill 
of  gabbro  which  has  a  bold  face  on  the  north  side  nearly  or  quite 
100  feet  high.  This  syenite  is  sometimes  micaceous  enough  to 
be  called  hornblendic  gneiss.  It  has  been  somewhat  broken  up 
here  and  the  contact  between  it  and  the  gabbro  is  not  visible. 
The  latter  rock  is  somewhat  finer  near  the  contact  with  the  syen- 
ite than  at  the  top  of  the  hill.  Syenite  is  represented  by  485: 
the  gabbro  by  486. 

In  the  S.  E.  }  sec.  6,  63-8  the  rock  is  mica  schist  hardened  by 
the  vicinity  or  contact  of  the  gabbro.  The  gabbro  ridge  runs 
south  of  the  lake  and  really  does  not  appear  at  any  point  on  the 
lake  shore.    Samples  of  mica  schist  from  the  above-mentioned 
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locality  are  487.    Some  of  it  is  flinty  and  has  very  little  if  anjr 
mica  in  it. 

To  the  northeast  of  the  last  is  a  knoll  of  fine  red  qnartzyte  or 
syenite.  It  is  probably  part  of  a  large  introsion  in  the  mi<^ 
schist.  488. 

The  mica  schist  in  the  southeast  part  of  section  six  is  mach 
twisted  and  varies  greatly  in  its  strike  and  in  the  oomx>0(sition 
and  texture  of  its  strata.  Some  are  hard  and  siliceoos  and  oth- 
ers are  soft  and  iron-stained.  It  is  cat  by  nnmeroos  veins  or 
intrusions  of  granite  and  is  slightly  conglomeritic  in  places. 

TOWNSHIP  63-9. 

On  the  portage  trail  from  Snowbank  lake  to  the  Elawishiwi 
river  gneiss  and  mica  schist  are  seen  in  a  few  outcrops  within 
three-quarters  of  a  mile  from  Snowbank.  About  a  mile  from  the 
lake  the  trail  passes  within  ten  feet  of  a  bluff  of  gabbro  which  fiu^es 
east.  This  is  in  the  S.  W.  t  of  S.  W.  t  sec.  11,  63-9.  The  rock 
is  the  regular  coarse  labradorite  gabbro.  About  200  paces  south 
of  this  gabbro,  on  the  section  line  between  ten  and  eleven  is  found 
a  ridge  of  biotite,  olivine  schist.  This  has  the  usual  strike, 
K.  60^  E.  and  dips  S.  75°.  It  is  conglomeritic  in  many  places 
and  bears  a  striking  resemblance  to  the  conglomeritic  mica  schist 
found  at  the  southeast  corner  of  Disappointment  lake.  504. 

A  ridge  of  gabbro  is  aga^n  crossed  450  paces  south  of  the  N. 
W.  corner  sec.  14,  63-9.  This  is  a  high  ridge  with  a  steep  bluff 
of  the  coarse  light-colored  gabbro  on  the  north  side.  Three 
hundred  paces  farther  south  the  rock  is  all  ''  muscovado"  in  a 
great  ridge.  No  structure  or  bedding  of  any  kind  is  visible  in 
it.  It  is  simply  in  large  hills  and  ridges,  and  is  fine-grained  and 
homogeneous  in  texture. 

A  short  distance  north  of  the  ^^quarter-post"  between  sec- 
tions 14  and  15  this  ridge  of  muscovado  is  bounded  on  the  south 
by  a  swamp.  Along  the  south  side  of  the  ridge,  next  to  the 
swamp,  is  a  considerable  deposit  of  magnetite.  It  is  the  regu- 
lar coarse,  dulMustred,  gabbro  magnetite.  The  rock  can  not  be 
distinguished  from  the  gabbro  nor  from  the  muscovado  either. 
Number  505  is  the  muscovado.     505  A  is  the  magnetite. 

The  Kawishiwi  is  about  12  feet  above  Snowbank  lake  where 
the  portage  from  the  lake  strikes  it.  The  trail  passes  across  and 
by  the  side  of  gabbro  ridges  for  half  a  mile  before  reaching  the 
river. 
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Going  north  on  the  west  line  of  sec  16  the  gabbro  disappears 
a  short  distance  north  of  the  river.  The  rock  next  north  of  the 
gabbro  is  the  mnscovado-like  mica  schist  with  the  osoal  strike 
and  vertical  dip.  It  is  conglomeritic  a  short  distance  &rther 
north  and  is  homblendic  like  that  on  Disappointment  lake.  It 
loses  its  similarity  to  nioscovado  and  becomes  regular  mica 
schist,  though  more  or  less  gneissic  and  conglomeritic,  about  the 
west  '^ quarter-post"  of  sec.  16.    Sample  is  606. 

At  340  paces  north  of  the  ''quarter-x>ost"  mentioned  above,  a 
swamp  intervening,  a  ridge  of  diabase  is  encountered.  This 
runs  along  the  north  side  of  the  swamp  in  a  N.  E.-S.  W.  course. 
It  is  probably  part  of  the  same  diabase  eruption  as  that  east  of 
Disappointment  lake,  507.  Many  fragments  of  porphyritic  con- 
glomerate are  seen  lying  about  on  the  surface  at  this  place. 

This  ridge  keeps  on  rising  with  a  gentle  slope  until  its  summit 
is  reached  at  the  K.  W.  corner  of  section  16.  '  From  here  the 
descent  is  gradual  toward  the  north,  but  not  so  gradual  as  on  the 
south  side.  The  diabase  is  massive  for  some  distance  from 
the  place  where  it  was  first  seen.  Then  it  begins  to  show  a 
coarse  schistosity  and  has  a  coarse  agglomeritic  appearance  as  in 
the  rock  at  Ely,  the  boulders  being  all  of  greenstone  and  indis- 
tinctly outlined  on  the  surface.  The  rock  is  strikingly  similar 
to  the  Ely  rock  as  fieur  as  the  agglomeritic  appearance  goes;  but 
is  not  soft  and  chloritic  like  that,  nor  does  it  appear  to  be  cal- 
ciferous.    It  is  simply  regular  diabase,  508. 

At  375  paces  north  of  the  southwest  corner  of  section  nine  the 
diabase  has  changed  from  a  massive  rock  to  a  fine,  schistose, 
diabase  agglomerate.  The  direction  of  the  very  evident  schis- 
tosity as  well  as  of  the  lenticular  pebbles  of  greenstone  in  it,  is 
E.  16°  S.  This  is  on  the  northern  slope  of  the  great  diabase 
ridge,  and  the  rock  has  been  examined  at  many  places  so  there 
is  no  doubt  as  to  its  being  part  of  the  same  diabase.  The  coarse 
agglomerate  has  become  a  fine  schistose  pudding-stone  and  is 
rapidly  changing  into  green  chloritic  schist  toward  the  north. 
Samples  of  diabase  conglomerate  are  No.  509. 

This  fine  greenstone  agglomerate  continues  to  be  exposed  for 
some  distance  toward  the  north.  The  direction  of  the  schistosity 
swings  around  to  N.  W.  and  S.  E.  which  is  the  general  direc- 
tion of  it  in  sections  8  and  9. 

•   Some  distance  south  of  the  east  '^quarter  post"  of  sec.  8  a 
ridge  of  porphyritic  rock  which  contains  grains  of  vitreous 
quartz  is  encountered.    It  is  a  light  colored  rock  and  when  first 
VoLin— 16. 
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seen  it  appears  perfectly  massive.  It  has  an  abrupt  contact 
with  the  diabase  which  is  also  more  massive  at  this  place.  The 
porphyry  appears  to  run  in  N.  W.-S.  E.  ridges.  !N'orth  of  here 
it  is  seen  to  be  mixed  up  in  every  way  possible  with  the  diabase 
and  finally,  in  the  N.  B.  J,  N.  W.  J  sec.  8,  becomes  the  prevail- 
ing country  rock. 

Toward  the  north  still  farther  this  porphyry  becomes  coarsely 
schistose  and  acquires  more  of  the  green  uncrystalline  elements. 
It  also  loses  its  decidedly  porphyritic  aspect  as  the  distance  from 
the  diabase  ridge  increases.  It  is  slightly  conglomeritic;  in  one 
place  red  jasper  was  seen  in  it  and  in  another  a  pebble  of  green- 
stone. ]^os.  510,  510  A  and  510  B  show  these  various  conditions 
of  the  porphyritic  rock. . 

The  diabase  continues  to  abound  and  ridges  of  porphyry,  or 
porphyrel  and  greenstone  are  strangely  mixed  up  together.  In 
the  N.  E.  i  sec.  6  are  seen  large  ridges  of  jaspilyte,  consisting  of 
red  and  black  jasper,  hematite  and  magnetite  in  crumpled  ver- 
tical beds  running  about  N.  60°  E.  After  a  long  and  extensive 
examination  the  state  of  affairs  seemed  to  be  as  follows:  There 
is  a  large  amount  of  this  jaspilyte  here.  Some  of  these  lenticu- 
lar masses  of  jasper  and  iron  ore  were  traced  continuously  for 
half  a  mile  or  even  more.  These  masses  lie  in  the  diabase  and 
have  an  abrupt  contact  with  it.  Many  pieces  and  masses  of  jas- 
pilyte of  all  sizes  from  that  of  a  pea  to  the.large  ridges  spoken  of 
above  are  seen  to  be  enclosed  in  massive  or  only  slightly  schistose 
diabase,  not  in  any  general  line  of  strike,  but  at  intervals  sep- 
arated from  each  other  across  the  strike  by  various  distances 
less  than  a  mile. 

Sometimes  the  diabase  is  quite  coarse  and  appears  more  like 
dioryte  with  white  feldspar  crystals  on  the  surface. 

In  some  places  the  porphyry  approaches  quite  near  to  these 
jaspilyte  masses;  but  that  is  not  to  be  wondered  at,  inasmuch  as 
the  ridges  of  porphyry  run  all  through  the  diabase  without  any 
definite  order  or  direction.  This  jaspilyte  is  more  hematitic 
toward  the  north  and  west  where  it  is  identical  in  appearance 
with  that  at  Tower.  Places  were  seen  where  the  diabase  is  quite 
schistose  at  the  contact  with  the  jaspilyte  and  even  as  soft  and 
greasy  feeling  as  the  soft  schists  in  some  of  the  Tower  mines. 
The  beds  of  jaspilyte  are  nearly  as  much  distorted  as  at  Tower. 
This  diabase  is  seen  on  both  sides  of  the  iron  ore  and  cutting 
across  the  beds.  It  also  seems  to  contain  fragments  of  the  por- 
phyry and  becomes  porphyritic  itself  in  the  vicinity  of  the 
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porpliyry  ridges.  Specimens  of  the  diabase,  which  is  foand 
enclosing  the  large  and  small  masses  of  jaspilyte  in  the  K.  E.  i 
sec  Sy  are  511.  Contact  specimens  with  the  jasper  are  511  A. 
Samples  of  diabase  containing  small  masses  of  jaspilyte  are 
511  B.  Porphyritic  diabase  containing  a  piece  of  porphyry  is 
511  C.  Samples  of  the  soft  sericitic  or  talcose  rock  are  512. 
This  rock  being  so  soft  is  always  found  in  low  places  and  could 
not  be  seen  to  be  certainly  part  of  the  diabase.  Sometimes  the 
rock  next  to  the  jaspilyte  is  not  green  and  does  not  look  like 
diabase  but  is  gray  and  somewhat  schistose,  513.  Samples  of 
the  jaspilyte  are  seen  in  514.  ' 

The  porphyry  becomes  more  and  more  prevalent  toward  the 
U.  E.  "forty,"  sec.  8  until  there  is  no  more  diabase  nor  jaspilyte. 
There  is,  however,  a  dyke  of  green  trap  that  runs  under  Hugh 
Gopeland's  cabin  in  the  N.  W.  J,  N.  B,  i  sec.  8.  It  is  about  30 
inches  wide  and  can  be  traced  for  200  paces  or  more  running 
about  north  and  south  through  the  porphyry.  It  is  not  per- 
fectly straight  but  curves  some  and  is  faulted  in  two  or  three 
places.  The  course  of  it  is  also  interrupted  at  one  place  north 
of  the  cabin  by  strings  and  branches  from  the  porphyry  mass 
which  make  it  appear  as  if  they  both  were  plastic  about  the 
same  time.  Sample  of  the  porphyry  is  515.  The  dyke  rock  is 
516. 

The  above  observations  are  considered  to  be  of  importance  as 
they  seem  to  prove  beyond  doubt  that  the  jaspilyte  beds  are 
endosed  in  basic  rock  of  igneous  origin. 

This  regiop  and  these  beds  of  iron  ore  contain  some  of  the  most 
promising  deposits  seen  during  the  past  season.  There  is  good 
reason  for  believing  that  there  are  valuable  and  extensive  beds 
of  iron  ore  in  the  northern  part  of  this  township. 

The  ridges  of  diabase  and  porphyry  alternate  southeast  of 
Copeland's  cabin.  A  sample  of  rock  composed  of  a  tenacious 
green  mineral  is  517. 

In  some  places  the  diabase  is  agglomeritic  in  close  proximity 
to  the  enclosed  masses  of  jaspilyte,  the  diabase  all  around  such 
a  mass  containing  the  forms  and  outlines  of  greenstone  pebbles. 
There  is  also  conglomerate  closely  interbedded  with  this  diabase 
agglomerate  and  apparently  of  a  later  date.  It  has  for  a  magma 
the  earlier  fine  agglomerate  (f ).  These  two  sometimes  come  into 
direct  contact,  standing  side  by  side.  'So.  520.  This  later 
conglomerate  contains  almost  exclusively  fragments  of  the  por- 
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phyry  and  of  the  jaspilyte.   It  is  never  very  thick  and  generally 
lies  between  the  greenstone  and  the  porphyry. 

There  are  occasional  tendencies  toward  a  micaceous  nature  in 
the  porphyry,  and  a  thin  stratum  of  schist  bedded  by  sedimen- 
tation is  seen  here  and  there,  518. 

Some  of  the  fragments  of  jaspilyte  seen  enclosed  in  the  green- 
stone are  perfectly  white  jasper  or  quartzyte  which  crumbles  into 
fine  grains  upon  hammering,  619.  This  sAao  is  like  the  same  fine 
granular  quartz  beds  in  the  jaspilyte  north  of  Tower. 

In  only  one  place  was  the  iron  ore  and  jasper  seen  in  contact 
with  the  porphyry.  At  this  place  a  bed  of  jasper  three  inches 
thick  has  porphyry  on  one  side  and  diabase  on  the  other.  They 
come  very  close  together  in  many  places,  but  in  all  other  cases 
observed  there  was  a  thin  wall  or  flow  of  diabase  between  them. 

A  vertical  bluff  of  greenstone  20  feet  high  was  seen  in  one 
place  with  a  thin  coating  of  the  light  colored  porphyry  plastered 
over  the  entire  £Etce  of  the  bluff.  A  contact  specimen  from  here 
is  521. 

In  one  place  the  coarser  diabase  which  when  weathered  shows 
small  white  feldspar  crystals  on  the  sur&ice,  was  cut  by  a  small 
trap  dyke.  The  coarser,  older  diabase  is  522.  The  dyke  rock 
is  522  A. 

Going  north  on  the  line  between  sections  nine  and  ten  the  first 
rock  is  seen  quite  near  the  river.  This  is  fine-grained  mica 
schist  which  may  contain  olivine,  523.  This  rock  is  conglomer- 
itic  in  places  and  particularly  in  a  small  ridge  not  for  north  of 
the  river.  The  small  enclosed  pebbles  are  comfHessed  with 
their  longer  axes  pointing  N.  W.  -  S.  E.,  523  A.  There  is  next 
a  ridge  of  diabasic  mica  schist,  523  B. 

Some  of  the  beds  of  mica  schist  are  siliceous  and  felsitic  and 
are  iron-stained,  524.  At  300  paces  north  of  the  S.  W.  corner 
sec.  10,  there  is  quite  a  ridge  of  mica  schist.  It  strikes  N.  W. 
and  dips  S.  W.  70^.  Samples  showing  lines  and  bands  of  sedi- 
mentation are  525.  At  400  paces  there  is  a  contact  between  the 
beds  of  mica  schist  and  diabase  which  latter  has  been  more  or 
less  affected  by  the  proximity  of  the  schist  and  has  a  less  mas- 
sive appearance  than  usual.  The  mica  schist  too  has  been  some- 
what altered;  but  the  change  is  abrupt  and  distinct  between  the 
mica  schist  on  the  S.  W.  and  the  greenstone  on  the  N.  E. 

In  this  place  therefore  the  mica  schist  has  an  abrupt  contact 
with  the  greenstone  and  does  not  grade  into  it  as  it  appeared  to 
on  the  east  side  of  Disappointment  lake.    The  schist  here  seems 
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to  have  been  affected  by  the  greenstone  eruption:  its  strike  and 
schistosity  have  been  bent  around  nearly  90^  from  the  usual 
direction.  The  mica  s<ihist  has  been  hardened  and  rendered 
more  like  the  diabase  so  that  upon  a  casual  inspection  the  two 
might  seem  to  run  together.  Mica  schist  from  the  contact  is 
526.  The  diabase  is  527.  A  specimen  of  peculiar,  dark  mica 
schist  which  has  gray  figures  and  lumps  like  drops  of  mud  all 
over  the  sur£ebce  is  526  A. 

This  was  not  the  main  ridge  of  diabase  but  only  a  subordinate 
branch  or  large  dyke  of  it.  The  mica  schist  and  greenstone 
seem  to  have  had  quite  a  struggle  for  supremacy  in  this  region; 
first  one  prevailing  and  then  the  other.  The  general  strike  is  N. 
W.  and  the  dip  varies  from  S.  W.  45°  to  vertical.  There  is  a 
ridge  of  coarser  diabase  in  the  N.  W.  i,  S.  W.  i  sec  10.  It  is 
quite  near  a  contact  with  mjca  schist.    528. 

In  many  places  the  mica  schist  is  full  of  light  gray  grains  of 
soft  material  which  weather  out  and  leave  the  surface  of  the  rock 
pitted  with  small  holes.  This  schist  is  darker  and  less  mica- 
ceous than  some  of  the  rest,  but  it  always  conforms  with  the  gen- 
eral strike  and  seems  to  be  a  part  of  the  general  mica  schist 
formation.    529. 

The  mica  schist  contains  thin  beds  of  green  diabasic  rock  which 
run  with  the  other  beds  and  are  also  schistose.  These  beds  are 
decidedly  basic  and  only  a  few  inches  thick,  but  are  quite  per- 
sistent and  maintain  their  general  appearance  and  width  as  fiu* 
as  they  can  be  followed.    530. 

Gk>ing  farther  north  the  mica  schist  becomes  harder  and  more 
feldspathic  and  appears  to  be  incipient  porphyry,  showing  how 
the  extensive  porphyry  belt  north  of  here  may  be  altered  mica 
schist.    531. 

Borne  specimens  of  agglomeritic  diabase  in  which  the  pebbles 
seem  to  have  been  pasted  together  in  a  very  plastic  state  are  532. 
The  mica  schist  and  incipient  porphyry  have  also  a  conglomer- 
itic  structure  though  it  is  rather  indistinct. 

A  little  jaspilyte  is  found  enclosed  in  the  greenstone  in  the  N. 
W.  i,  N.  W.  i  sec  10.  The  diabase  is  softer  and  chloritic  and 
possesses  the  coarse  agglomeritic  or  concretionary  (t)  structure 
seen  in  it  so  often.* 

The  observations  made  in  going  north  on  this  section  line  sim- 
ply confirm  those  made  on  the  line  a  mile  west,  and  demonstrate 
that  the  coarse,  chloritic,  schistose  agglomerate  is  part  of  this 

•  Report  of  H.  V.  WiochelL   Fiftoenth  tamwd  report,  p.  404. 
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great  diabase  ernption  and  that  the  jasper  and  iron  ore  beds  are 
contained  in  it. 

A  ridge  of  mica  schist  is  again  encountered  jast  south  of  the 
quarter  post  between  sections  3  and  4.  A  large  exposure  of  this 
rock  is  found  here.  It  is  quite  hard  and  contains  a  little  of  the 
diabasic  rock  in  these  beds.    533.    Strike  is  N.  16°  W. 

At  the  N.  B.  comer  sec.  4,  the  porphyry  is  met  with,  and  is  the 
same  in  appearance  as  that  found  in  the  K.  E.  i  sec.  8.  The  relation 
between  the  porphyry  and  mica  schist  is  not  evident  here,  but 
they  seem  to  have  a  more  or  less  abrupt  contact.  Samples  of 
porphyry  are  534.  The  mica  schist  has  been  becoming  more 
argillaceous  and  less  micaceous.  Here  there  is  a  large  ridge  of 
it  in  which  the  strata  are  greatly  crumpled  and  the  principal 
strike  has  been  changed  to  K.  10°  E.  It  here  seems  that  the 
porphyry  is  not  a  part  of  the  mica  schist  formation,  but  that  it 
was  protruded  into  the  schist  beds  and  caused  all  of  this  disturb- 
ance.    Argillitic  mica  schist  from  here  is  535. 

Going  west  from  here  along  the  north  line  of  sec.  4  a  swamp 
is  crossed,  and  on  the  west  side  is  found  a  diabase  ridge.  Just 
west  of  the  north  quarter  i)ost  of  sec.  4  is  more  porphyry  in  knolls 
and  ridges  which  penetrate  and  are  surrounded  by  the  diabase. 
They  always  have  an  abrupt  contact.  This  porphyry  is  con- 
glomeritic,  containing  felsitic  and  siliceous  boulders  a  foot  in 
diameter.  Samples  from  the  S.  E.i,  N.  W.  i  sec.  4  are  536.  A 
basaltic  structure  is  frequently  seen  in  the  porphyry. 

In  the  S.  W.  1,  N.  W.  i  sec.  4,  on  the  ridge  which  lies  between 
two  small  lakes  is  quite  an  exposure  of  red  jasper  and  hematite. 
This  is  seen  to  be  in  beds  of  various  thickness  up  to  four  or  five 
feet,  which  do  not  have  a  common  strike.  Some  strata,  enclosed 
in  diabase,  strike  east  and  west;  while  other  beds  only  a  few 
rods  away  strike  E.  30°  S.  The  beds  all  stand  vertical  and  are 
very  lUUe  crumpled,  537. 

The  diabase  has  a  tendency  to  become  coarsely  schistose  where 
it  lies  in  contact  with  the  iron  and  jasper,  but  farther  away  it  is 
very  hard,  tough  and  massive.  It  has  also  a  coarse  agglomeritic 
structure,  very  indistinct  at  this  precise  spot,  but  quite  notice- 
able a  short  distance  east  of  here,  and  is  chloritic.  Nos.  538- 
538  C  represent  these  rocks.* 

*  An  analysis  of  this  green  rock,  538  B,  made  by  Mr.  C.  F.  Sidener  shows,  as 
was  expected,  that  it  is  basic.    The  fhU  record  is  as  follows: 

Silica,  SiOj 60.47  per  cent 

Alumina,  AljOg 18.45  per  cent 
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There  is  also  some  black  jasper  and  magnetite  at  this  place 
enclosed  in  the  greenstone  in  the  same  manner.  The  beds  are 
thicker  and  seem  to  contain  purer  ore  than  the  hematite  beds. 
No.  539. 

Between  the  N".  W.  corner  sec.  4  and  the  east  quarter  post  sec. 
8  a  decided  change  takes  place.  The  diabase  around  the  south 
side  and  west  end  of  the  small  lake  on  the  north  line  of  sec.  4 
assumes  a  schistose  struotmre  which  becomes  finer  and  more  uni- 
versal toward  the  southwest.  At  first  it  is  a  fine  agglomeritic 
diabase  schist;  then  it  becomes  more  and  more  siliceous  until  it 
is  flinty  and  actually  resembles  the  Knife  lake  rock.  From  this 
place,  where  the  rock  was  found  to  be  very  siliceous,  a  set  of 
specimens  was  procured  from  every  outcrop  south  as  far  as  the 
E.  quarter  post  sec.  8.  This  siliceous  schist  stands  in  vertical 
beds  vhich  strike  N.  W.-8.  B.,  and  sometimes  swing  around  to 
N.-S.  The  rock  becomes  more  and  more  flinty  until  at  the  N".  E. 
corner  sec.  8  we  have  the  regular  siliceous  schist  of  Knife  lake. 
From  here  south  to  the  E.  quarter  post  sec.  8,  this  siliceous  schist 
is  seen  to  grade  into  the  porphyry  which  was  found  there  before. 
In  one  or  two  places  the  siliceous  schist  seemed  to  be  going  back 
to  diabase;  and  ridges  of  diabasic  schist  and  agglomerate  were 
crossed  on  this  line;  but  they  seem  to  be  part  of  the  intruded 
diabase  which  comes  into  contact  with  this  porphyry  farther 
south.  Thus  we  have  diabasic  schist  and  even  massive  diabase 
becoming  siliceous  and  even  flinty  and  then  porphyritic,  and 
finally  coming  into  contact  again  with  another  part  of  itself  far- 
ther south.    Kos.  540-540  J  show  this  transition. 

Going  east  from  the  N.  E.  corner  sec.  8,  mica  schist  is  met  with 
at  less  than  a  quarter  of  a  mile.  It  has  an  abrupt  contact  with 
porphyry,    541. 

The  mica  schist  seen  in  this  township  is  fine-grained,  almost 
always  argillaceous,  poor  in  mica,  which  is  always  in  very  small 
glistening  scales,  and  generally  hornblendic. 

Seeqnioxide  of  iron,  FejO, 2,13  per  cent. 

Protoxide  of  iron,  FeO 7.74  per  cent. 

Lime,  CaO 6.61  per  cent. 

Magnesia,  MgO 6.90  per  cent. 

Potaflsa,  KjO 30  per  cent. 

Soda  NajO 2.58  per  cent. 

Phosphoric  acid,  PzOs traces. 

Water,  HjO 2.34  per  cent 

97.52  per  cent. 
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The  mica  schist  formation  becomes  homblendic  and  massive 
in  the  N.  W.  i,  N.  E.  i  sec.  9.  Fine  dark  syenite  from  same  place 
is  542. 

On  the  north  side  of  the  Kawishiwi  river,  on  the  line  between 
sections  19  and  20  the  mica  schist  is  only  two  rods  wide.  On  the 
north  side  of  it  is  the  coarse  diabase  agglomerate. 

PBAIBIE  BIVEB  FAIXS. 

A  visit  was  made  at  the  end  of  the  season  to  Pok^gama  fidls 
and  the  region  of  Prairie  Biver  £eills  for  the  sake  of  comx>ariBon 
with  and  verification  of  notes  made  previously. 

No  new  fiBicts  were  noticed,  the  report  of  last  year  containing 
all  of  the  points  which  were  noted  this  season. 

Some  work  is  being  done  east  of  the  lower  fiblls  by  Minne- 
ai)olis  parties  who  are  searching  for  iron  ore;  although  no  large 
body  of  ore  has  yet  been  encountered,  the  prospect  is  encourag- 
ing. 

Specimens  of  magnetic  ore  were  seen  at  Grand  Bapids  which 
came  from  the  property  of  Mr.  Kearny  situated  about  45  miles 
north  of  Grand  Bapids  in  Township  61-24.  It  seems  to  belong 
to  the  Keewatin  and  is  reported  to  exist  in  paying  quantities. 
The  locality  was  not  visited. 

Mr.  Chas.  F.  Howe,  of  Duluth,  has  explored  for  iron  ore  in 
Minnesota  for  several  seasons  and  is  very  well  posted  on  the 
geology  of  iron  ores.  He  reports  the  magnetitic  quartzyte  of  the 
Huronian  outcropping  in  Twp.  59-18.  It  has  the  usual  dip 
of  about  10°  to  the  S.  S.  E.  and  lies  near  the  syenite  which  is 
north  of  it. 

The  facts  and  observations  given  in  scattered  detail  in  the  fore- 
going notes  if  amplified  and  dicussed  at  length  with  all  of  the 
careful  consideration  which  they  merit  would  far  exceed  the 
limits  assigned  to  this  report.  But  a  brief  allusion  to  some 
X>oints  which  seem  to  furnish  clues  to  the  solution  of  a  few  of  the 
unsettled  problems  in  the  geology  of  this  region  may  be  made 
here  without  attempting  anything  like  a  full  discussion  or  even 
mention  of  all  the  theories  upon  which  the  facts  before  us  have  a 
bearing. 

Hie  Vywest  or  oldest  formation  to  which  these  notes  make  any  ref- 
erence is  probably  the  syenite  and  gneiss  ridge  constituting  the 
Giant's  range.  Observations  on  this  rock  were  made  at  various 
points  between  Hinsdale,  on  the  Duluth  and  Iron  Bange  railroad, 
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and  Snowbank  lake:  also  at  a  few  localities  in  the  vicinity  on  what 
is  sapposed  to  be  the  northeastward  continuation  of  this  range. 
The  general  characteristics  of  the  rock  of  this  ridge  are  quite 
persistent.  The  vertical  foliation,  the  unusually  large  grains 
of  bluish  quartz  which  it  contains  and  the  general  aspect  of  the 
orthoclase  serve  to  remind  an  observer  in  the  Gunflint  region  of 
the  same  features  in  the  rock  southwest  of  Birch  lake.  Mica, 
however,  frequently  replaces  hornblende  or  vice  versa;  and  some- 
times both  are  present.  Near  the  surface  and  for  fifteen  or 
twenty  feet  below,  this  rock  has  a  reddish  or  pink  color;4)ut 
at  a  greater  depth  it  is  gray. 

A  coarse  conglomeritic  structure  is  noted  in  the  syenite-gneiss 
of  this  range  at  Hinsdale.  Lenticular  masses  of  dark  hornblen- 
dic  rock  are  seen  at  all  depths  in  the  gray  rock  at  the  quarries. 
These  niiasses  are  generally  more  than  eight  inches  in  length,  and 
the  direction  of  their  longer  axes  is  vertical  or  nearly  so.  There 
is  sometimes  a  foliation  or  schistosity  in  these  inclusions,  and 
this  also  is  vertical. 

A  series  of  vertical  crystalline  schists  is  generally  found  next 
the  older  crystallines  in  other  parts  of  this  region;  but  north 
and  south  of  the  Giant's  range  at  Hinsdale  are  found  exposures 
of  the  sericitic  or  chloritic  schists  of  the  Keewatin  so  close  to 
the  syenite  as  to  make  it  seem  improbable  that  any  crystalline 
^schists  intervene  between  them  here.  If  the  high  ridge  is  the 
middle  of  an  anticlinal,  as  seems  to  be  indicated  by  the  presence 
of  the  vertical  Keewatin  schists  on  the  south  side  of  the  ridge, 
having  the  same  strike  as  those  on  the  north,  what  has  become 
of  the  crystalline  schists  which  lie  next  above  the  granites  and 
syenites  t  Were  they  so  highly  metamorphosed  and  affected  by 
pressure  to  such  an  extent  that  they  were  incorporated  into  the 
more  gneissoid  rock  beneath  them,  or  were  they  not  a  wide- 
spread and  universal  deposit!  Were  there  elevated  portions  of 
the  sea-bottom  which  were  not  covered  by  the  sediments  from 
which  have  resulted  the  crystalline  schists,  but  which  were  later 
covered  by  the  sediments  of  the  Keewatin  aget  Considering 
this  ridge  to  be  the  back-bone  of  an  anticinal  the  latter  suppo- 
sition seems  more  probable. 

If  this  be  not  an  anticlinal  how  can  the  presence  of  such  an 
extensive  range  of  crystalline  rock  in  the  midst  of  greenish, 
<;hloritic,  more  or  less  argillaceous  and  siliceous  schists  be 
accounted  fort  If  the  vertical  foliatioo  be  evidence  of  some 
former  bedding  structure,  the  only  way  to  explain  it  seems  to 
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be  on  the  supposition  that  a  x>ortion  of  these  schists  themselves 
were  metamorphosed  by  someunusaal  disturbance  along  the  line 
of  this  range,  either  by  the  proximity  of  some  great  vent  below 
or  intense  pressure  at  this  place  combined  with  chemical  and 
hydrothermal  forces. 

The  next  formation  is  that  already  mentioned,  the  crystalline 
schist  or  Vermilion  series.  I  wish  to  call  attention  to  the  fact 
that  in  Twp.  63-9  this  series  of  rocks  is  found  to  be  conglomeritic 
over  a  wide  area,  and  has  been  rendered  hard  and  porphyritic 
by  some  adjacent  eruption,  probably  that  great  diabase  outburst 
of  the  Keewatin  age.  Boulders  of  a  large  variety  of  rocks  are 
seen  enclosed  in  the  mica  schist  around  Disappointment  lake. 
This  fact  alone  serves  to  distinguish  it  from  the  diabasic  agglom- 
erates in  which  all  of  the  pebbles,  with  hardly  an  exception, 
are  of  greenstone  and  jaspilyte.* 

In  connection  with  the  crystalline  schists  ''muscovado"  should 
be  mentioned.  It  seems  probable  that  this  term  has  been  em- 
ployed in  the  15th  and  16th  reports  of  this  survey,  to  designate 
the  rotted  granular  condition  of  two  or  three  different  rocks. 
Dr.  Alexander  WincheU  has  applied  it  to  a  rock  which  he  iden- 
tifies with  the  Animike.  It  seems  to  have  been  used  also  to 
describe  fine  decayed  gabbro  as  well  as  an  altered  condition  of 
gneiss  and  the  mica  and  hornblende  schists. 

As  &r  as  my  observation  goes  it  has  been  found  quite  easy  to 
recognize  decayed,  rusted  Animike  and  fine  rotted  gabbro  such 
as  is  frequently  found  at  the  northern  edge  of  the  gabbro  over- 
flow. But  in  several  localities,  notably  on  the  south  shore  of 
Disappointment  lake,  there  are  found  large  exposures  of  a  granu- 
lar, yellowish-brown  rock  which  does  not  possess  any  distinct 
signs  of  bedding  or  schistosity  and  which  yields  to  a  blow  of  a 
hammer  much  as  semi-hardened  putty  would.  It  contains  fine 
scales  of  biotite  and  grains  of  feldspar  and  olivine.  It  lies  at  the 
north  edge  of  the  gabbro  in  rounded  knolls  which  resemble  gab- 
bro hills  at  a  little  distance,  and  when  its  direct  connection  with 
the  surrounding  rock  is  obscured  it  can  not  be  recognized  as 
belonging  to  any  of  the  usual  formations  of  the  region  nor  as 
being  anything  but  '*  muscovado." 

On  the  south  shore  of  Disappointment  lake  there  is  a  great 
deal  of  this  rock.    To  the  south  of  it  are  masses  of  olivinitic 


•  In  his  report  on  the  Lake  of  the  Woods,  Geol.  of  Can.  CO.,  Mr.  A.  C.  Lawson  says  that  the 
agglomerates  of  that  region  grade  into  conglomerates  along  the  strike  of  the  formation.  HiIb 
has  not  been  observed  to  be  the  ease  in  Minnesota. 
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iron  ore  standing  in  nearly  vertical  beds,  capped  with  fine, 
decayed  gabbro  and  having  coarse  labradorite  gabbro  on  the 
south  of  it.    Fortunately  the  lake  shore  affords  a  nearly  con- 
tinaoos  exposure  of  this  rock  in  both  directions  in  the  line  of 
strike.    It  was  here  traced  very  carefully,  on  two  different  occa- 
sions, and  was  found  to  pass  by  insensible  gradations  into  mica 
schist  which  became  more  and  more  micaceous  and  typical  as 
the  distance  from  the  gabbto  increased.    This  mica  schist  is  the 
northeastern  extension  of  the  crystalline  schists  which  are  found 
north  of  the  Kawishiwi  river  in  towns]jLips  63-9  and  63-10,  and 
have  been  followed  continuously  from  there  to  this  lake.    The 
syenite  of  the  Giant's  range  is  known  to  have  formed  the  northern 
shore  of  the  Animike  ocean.  This  range  is  low  and  narrow  at  this 
place  and  the  Animike  evidently  was  deposited  on  top  of  the 
syenite  and  up  to  or  perhaps  upon  some  of  the  mica  schist 
which  lies  to  the  north  of  the  syenite.    Then  came  the  gab- 
bro eruption  and   overflow  and  with  it   a  crumpling  of  the 
strata  and  uptilting  of  the  Animike  beds.    The  gabbro  also  al- 
tered the  mica  schist  where  it  lay  upon  it,  to  muscovado,  destroy- 
ing the  schistosity  and  bedding  and  even  altering  the  minei^ 
constituents  of  the  rock,  heating  them  so  that  they  formed  new 
combinations,  the  iron  and  iflagnesia  of  tiie  biotite  combining 
to  a  large  extent  with  the  free  quartz  to  make  olivine,  though 
there  are  some  minute  scales  of  biotite  left.    The  same  explana- 
tion of  muscovado  appears  to  answer  in  other  places  where  it 
was  seen.    It  seems,  therefore,  that  the  term  '' muscovado"  is 
rather  an  ambiguous  one  but  would  be  more  appropriately  ap- 
plied to  mica  schist  altered  by  gabbro  than  to  iron-bearing 
Animike  rock. 

Conformable  with  the  crystalline  schists  are  the  grauwackes, 
chloritic  schists,  diabasic  schists  and  siliceous  schists  of  the 
Keewatin  series.  The  foregoing  notes  give  numerous  detailed 
facts  which  it  was  my  good  fortune  to  observe  in  localities  par- 
ticularly rich  in  instructive  geological  phenomena.  These  facts 
have  a  decided  bearing  on  the  nature  and  origin  of  the  Keewatin 
group  and  the  iron  ores  and  associated  jaspilytes  which  dre 
enclosed  in  it. 

In  townships  63-9  and  64-8  immense  ridges  of  diabase  and 
basic  agglomerates  were  found.  These  form  a  part  of  the  Kee- 
watin formation.  They  pass  conformably  into  the  siliceous  and 
argillaceous  schists  of  that  series,  and  become  themselves  soft, 
greenish  chloritic  schist  which  retains  but  slight  resemblance  to 
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the  massive  eruptive  rock  into  which  they  grade  and  of  which 
they  are  a  part. 

In  the  American  Geologist  for  January,  1889,  the  writer  gave  a 
short  resume  of  the  conclusions  which  had  been  reached  as  to 
the  origin  of  these  basic  portions  of  the  Keewatin.  The  obser- 
vations which  forced  him  to  the  conclusions  there  stated  were 
«made  but  a  short  time  before;  and  when  the  article  was  written 
the  fiact  that  Mr.  A.  C.  Lawson  of  the  Canadian  geological  sur- 
vey had  described  similar  rocks  in  the  Keewatin  of  the  Lake  of 
the  Woods  and  had  termed  those  aggregations  in  which  the 
boulders  are  of  the  same  material  as  the  magjna,  ^' agglome- 
rates" was  unknown  to  him.  Mr.  Lawson  also  had  previously 
offered  an  explanation  similar  to  that  given  by  the  writer,  of 
the  surprising  gradations  observed  between  eruptive  and  frag* 
mental  rocks,  viz.,  an  alternation  of  ^'volcanic  ejectamenta  (both 
flows  and  tuffe)  and  aqueous  sedimentation." 

Dr.  G.  M.  Dawson  had  also  presented  the  same  views  and  says 
in  speaking  of  similar  rocks  in  the  vicinity  of  the  Lake  of  the 
Woods,  '^Volcanic  action  would  appear  to  offer  the  most  reason- 
able explanation  of  their  origin  and  distribution."  * 

These  observations  appear  to  parallelize  our  green  chloritic  and 
diabasic  schists  and  agglomerates  very  closely  with  those  of  Mr. 
Lawson's  original  Keewatin.  We  find  in  them  the  same  lentic- 
ular, basic  fragments,  the  same  '^  concretionary  t"  and  associated 
amygdaloidal  structures  and  the  same  transitions  into  siliceous, 
fragmental  rocks. 

It  is  gratifying  to  know  that  the  views  of  these  experienoed 
geologists  confirm  the  conclusions  mentioned  above.  The  opin- 
•  ion  primarily  held  by  the  geologists  of  the  Minnesota  survey, 
with  the  possible  exception  of  N.  H.  Winchell,  and  which  view 
is  still  maintained  by  Dr.  A.  Winchell  in  the  16th  Annual 
report,  was  that  these  rocks  were  of  sedimentary  origin  and  that 
the  semi- crystalline,  diabasic  character  was  the  result  of  intense 
meta.morphism.  The  view  now  held  is  not  wholly  in  conflict 
with  that.  It  admits  that  portions  of  the  Keewatin  formation 
were  purely  sedimentary;  but  claims  that  the  larger  part  of  it 
consists  of  a  mixture  of  eruptive  and  sedimentary  materials, 
and  is  in  many  places  extensively  and  wholly  igneous. 

In  the  opinion  of  the  writer  this  has  considerable  bearing  on 
the  question  of  the  origin  of  the  jaspilytes  embraced  in  the 
green  schists  of  the  Keewatin.    They  are  supposed  to  be  of  some 

•Geol.  and  i:esourc«s,  Forty-ninth  Parallel,  p.  62. 


STATE  GEOLOaiST.  138 

sedimentary  formation  which  was  broken  np  and  involved  in 
the  eraptions  of  Keewatin  age.  The  masses  of  jaspilyte  are  an- 
gular and  have  abrupt  contacts  with  the  basic  schists;  they  are 
highly  siliceous  and  are  of  all  sizes  and  shapes.  When  the 
masses  are  large  they  are  usually  in  vertical  position  and  some- 
wl^at  elongated  in  the  direction  of  the  schistose  structure  in  the 
surrounding  rock.  Examples  of  a  precisely  similar  disruption 
of  a  sedimentary  formation  and  its  involution  in  an  eruptive 
ejection  are  given  in  the  foregoing  pages  in  referring  to  the 
masses  of  Huronian  quartzyte  and  magnetite  enclosed  in  the 
gabbro.  In  several  places  chalcedonic  quartz  similar  to  that  in 
the  jaspilyte  of  the  Keewatin,  was  found  as  part  of  the  Ani- 
mike.  This  fact  is  an  indication  of  the  fragmental  nature  of 
the  jaspilyte;  as  they  cannot  be  separated  from  each  other, —  if 
one  is  sedimentary  the  other  must  be  —  and  there  is  not  much 
doubt  that  that  in  the  Animike  is. 

The  most  recent  fragmental  formation  found  in  northeastern 
Minnesota  is  the  Huronian.    Many  observations  were  made 
ux>on  a  quartzyte  belonging  to  this  formation  which  seems  to  lie 
above  the  Animike  slates  and  is  the  rock  which  contains  the 
^non-titaniferous   magnetite.     This  quartzyte  has  been  called 
Animike  quaitzyte:  but  seems  to  lie  above  the  Animike  proper. 
It  is  perfectly  conformable  with  the  slates  and  sometimes  grades 
into  rock  which  is  feldspathic  and  argillaceous  rather  than  sili- 
ceous.   It  was  observed  to  lie  unconformably  upon  the  rock  of 
the  Oiant's  range  in  two  or  three  places.    The  most  interesting 
contact  observed  was  where  this  rock — the  semi-siliceous,  feld- 
spathic Huronian — is  seen  to  lie  unconformably  upon  the  ver- 
tical Keewatin  beds.    This  was  announced  to  be  the  case  by  Dr. 
A.  Winchell  in  the  16th  report  but  no  actual  contacts  were  men- 
tioned.   Considering  the  greenstone  upon  which  the  Animike 
was  found  to  lie  west  of  Gunfiint  lake  as  Keewatin — which  it 
undoubtedly  is — three  or  more  fine  contacts  of  the  Animike 
upon  the  Keewatin  are  reported  in  these  notes.    The  signifi- 
cance of  this  fact  has  been  pointed  out  before. 

A  i>eculiar  transition  was  found  south  of  the  Giant's  range, 
in  sec.  13,  60-13,  where  the  Animike  is  seen  to  grade  downward 
into  the  syenite.  The  character  of  this  transition,  however, 
does  not  seem  to  be  metamorphic,  but  rather  fragmental.  There 
seems  to  have  been  a  certain  amount  of  the  loose,  crystalline 
material  which  had  resulted  from  the  decay  and  erosion  of  the 
syenite  lying  on  top  of  the  solid  rock  in  the  bed  of  the  sea.   The 
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Animike  sedimeDts  were  deposited  upon  and  aroand  this  syenite 
stuff.  At  first  the  material  was  mainly  crystalline,  the  sedi- 
ments forming  bat  a  very  small  part  of  the  whole  and  only  fill- 
ing the  cracks  aail  cavities.  A  few  feet  farther  np  the  materials 
were  about  evenly  divided,  the  fine  detritus  filling  large  spaces 
between  the  elevated  portions  of  the  larger  pieces  of  syenite. 
As  the  sediments  increased  and  grew  deeper  the  crystalline 
material  was  completely  buried  and  no  traces  of  the  underlying 
rock  were  left  except  here  and  there  a  small  fragment  of  syenite 
or  an  orthoclase  crystal  which  came  rolling  in  from  above  and 
settled  down  on  the  sediments.  Sometimes  these  crystals  are 
quite  perfect  and  look  strangely  out  of  place  in  a  rock  which  is 
so  plainly  sedimentary  and  so  little  altered. 

As  a  rule  there  is  a  decided  difference  in  the  texture  and 
appearance  of  the  Animike  and  Keewatin  rocks;  the  former 
having  a  smaller  proportion  of  feldspathic  and  greenish,  basic 
material,  and  usually  containing  more  quartz  and  some  magne- 
tite. The  slates  too  of  the  Animike  are  darker  and  appear  to 
be  carbonaceous ;  while  the  slates  and  schists  of  the  Keewatin 
are  argillaceous  and  hydromicaceous.  These  differences  are  so 
general  that  a  person  who  has  spent  a  season  comparing  and 
examining  these  rocks  can  usually  tell  at  a  glance  to  which 
formation  a  specimen  belongs.  In  the  vicinity  of  the  east  end 
of  Ounfiint  lake,  however,  the  Animike  has  a  marked  resem- 
blance to  the  Keewatin  and  it  is  difficult  to  distinguish  them. 
They  both  have  somewhat  the  appearance  of  grauwacke  and  are 
less  schistose  and  slaty  than  usual.  They  are  of  a  dark  gray 
color,  have  a  rough  surface  on  fresh  fracture  and  show  fewer 
bands  of  sedimentation  than  elsewhere.  The  Animike,  how- 
ever, contains  fine  grains  of  magnetite  disseminated  through  it 
with  a  tendency  toward  a  banded  arrangement,  and  the  Keewa- 
tin has  none. 

Although  the  Huronian  quartzyte  with  which  is  associated  the 
non-titaniferous  magnetite  lies  unconformably  upon  the  syenite 
of  the  Oiant's  range  it  is  believed  to  lie  above  the  Animike 
slates  and  to  rest  conformably  upon  them.  The  rock  which  was 
deposited  at  the  border  of  the  ocean  upon  the  syenite  seems  to 
have  been  more  siliceous  than  those  portions  of  the  same  strata 
which  were  &ither  from  the  shore.  Thus  the  rock  which  lies 
directly  upon  the  syenite  would  be  a  quartzyte  and  would  pass 
into  the  less  acidic  rocks  farther  south.  This  condition  of  things 
is  believed  to  have  been  observed  in  Twp.  60-13.    Still  there  is 
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probably  an  extensive  quartzyte  which  is  later  than  the  Animi- 
ke  and  which  lies  directly  upon  the  syenite  because  the  land 
was  slowly  becoming  more  submerged  and  the  sediments  kept 
accnmalating  and  extending  &>rther  and  farther  over  the  range 
of  rock  which  constituted  the  northern  limit  to  the  ocean  and 
the  strata  formed  in.  its  depths.  The  dip  of  the  quartzyte  cor- 
responds with  that  of  the  slates  wherever  seen,  and  although  the 
latter  were  not  seen  at  any  place  underlying  the  former,  yet 
their  relative  positions  and  mutual  relations  seem  to  indicate 
that  they  do  so. 

The  gabbro  has  been  so  fully  discussed  in  previous  reports  of 
this  survey  that  it  is  necessary  to  say  but  a  few  words  concern- 
ing it.  The  &ct  that  it  is  found  to  embrace .  large  fragments  of 
the  Huronian  quartzyte  and  slates  proves  it  to  be  of  later  origin. 
It  is  intersected  by  dykes  of  greenstone  which  are  of  stUl  more 
recent  date, — perhaps  of  the  Cupriferous  age,  as  that  is  said  by 
the  State  Geologist  in  the  Tenth  annual  import,  p.  112,  to  be  of 
more  recent  date  than  the  gabbro.  However,  the  appearance  of 
these  rocks  in  sec.  35,  58-6  gave  me  the  impression  that  the  gab- 
bro is  on  top  of  the  Cupriferous  and  hence  more  recent. 

A  coarse  basaltic  structure  was  seen  in  the  gabbro  on  thesouth 
side  of  Tucker  lake.  There  was  also  an  appearance  of  sediment- 
ary structure  in  the  gabbro  in  K  W.  i  sec  2,  64-3,  caused  by 
parallel  bands  of  magnetite  several  feet  in  length.  It  shows  how 
one  may  be  deceived  by  similar  banded  structure  in  other 
places. 

Coarse  hornblende,  believed  to  be  the  largest  ever  found  in  this 
state,  was  found  in  the  gabbro  in  the  S.  E.  i  sec.  25,  63-10. 
Crystals  six  inches  long  were  obtained.  Many  seen  in  the  same 
place  were  even  larger. 
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354.  Hydrated  hematite.    John  Mallmann's  working.    Sec. 
29,  59-14. 

354  A.    Gray,  feldspathic  rock,  to  which  is  attached  a  peb- 
ble(t)  of  hematite.    Same  locality. 

355.  Oray  rock  containing  magnetite.    Short  distance  west  of 
last. 
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355  A.    Gray  rock  contaiiiing  limonite.    From  main  ahaft  at 
same  place. 

356.  Magnetitic  chrysolyte.     400  paces  east  of  the  W.  i  poet 
sec.  10,  60-12. 

357.  Syenite.    S.  W.  i  sec.  8,  60-12. 

358.  Olivinitic  magnetite.  One-fonrtb  mile  south  of  IT'.  W. 
comer  sec.  17,  60-12. 

359.  Greenish,  magnetitic,  olivinitic  quartzyte.  S.  W.  i,  S. 
W.  i  sec.  17,  60-12. 

360.  Dark,  siliceoos  magnetite.    N.  E.  corner  sec.  19,  60-12. 

361.  Slaty,  carbonaceous  rock.    Same  locality. 

362.  Stratified  magnetite  and  quartzyte  or  siliceous  schist. 
N.  W.  *,  K.  E.  t  sec  19,  60-12. 

363.  Magnetite.    N.  W.  i,  N.  E.  i  sec.  19,  60-12. 

364.  Quartz  conglomerate  with  a  green  matrix.  From  boul- 
ders seen  east  of  Iron  lake.    K  W.  k  sec.  24,  60-13. 

365.  Hornblendic  Animike  slate.  A  short  distance  north  of 
last  locality. 

366.  Samples  showing  the  transition  from  Animike  to  the 
syenite  of  the  Giant's  range.  North  end  of  Iron  lake,  S.  W.  k 
sec.  13,  60-13. 

367.  Greenish  Animike  rock  containing  a  felsitic  boulder. 
Same  locality. 

368.  Coarse,  micaceous  syenite,  N.  E.  i  sec.  14,  60-13. 

369.  Black,  magnetitic  rock,  S.  W.  side  of  Iron  lake.  K.  E. 
i  sec.  23,  60-13. 

370.  Tough,  dark  magnetitic  rock.    N.  W.  i  sec  35,  60-13. 

371.  Beddish-gray  quartzyte.  Found  in  fragments  on  the 
trail  in  N.  W.  i  sec  32,  60-13. 

372.  Samples  from  the  bottom  of  the  Animike  where  it  passes 
into  and  rests  upon  the  syenite.  South  of  the  trail.  S.  W.  i,  N. 
W.  i  sec  32,  60-13. 

373.  Black,  carbonaceous  slate  rock  containing  magnetite 
S.  W.  i,  S.  W.  i  sec  32,  60-13.    From  a  shaft. 

374.  Grayish  rock  containing  bands  of  magnetite.  A  little 
N.  W.  of  last. 

374  A.    Beddish,  jaspery  rock.    Same  locality. 

375.  Weathered  samples  of  magnetitic  rock.  S.  W.  i  sec 
81,  60-13. 

376.  Sample  of  reddish,  decomposed  jaspery  rock  from  top 
of  a  shaft  in  N.  E.  i  sec.  11,  59-14. 

376  A.     Hematitic  rock  from  bottom  of  the  same  shaft. 
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877.    Feldspathic  Keewatin  schists.    N.  W.  i  sec.  11,  59-14. 

378.  Feldspathic,  gray,  Keewatin  schist,  8.  E.  ''forty"  sec. 
11,  59-14. 

379.  Olivinitic,  magnetitic  rock.    From  a  shaft  iu  K  W.  i 
sec  14,  59-14. 

380.  Dark,  slaty  rock  containing  needle-shaped  crystals  of 
hornblende  and  bands  of  black  jasper.     Sec.  22,  59-14. 

381.  Grayish,  soft,  sericitic  schist,  S.  E.  i  sec.  17,  59-14. 

382.  Oray  syenite  of  the  Gianf  s  range,  Hinsdale. 

382  A.    Bed  syenite  containing  decayed  hornblende.    Found 
near  seams  or  faults  in  the  syenite  at  SQnsdale. 

383.  Hornblende  schist  A:om  included  boulder-forms  in  the 
syenite,  Hinsdale.  ' 

384.  Fine,  gray  granite,  found  cutting  the  syenite  at  Hinsdale. 

385.  Dark,  red,  decomposed  syenite.    Three  miles  north  of 
the  Oianf  s  range  on  the  railroad. 

386.  Gabbro.    Bee.  5,  58-14.    In  a  railroad  cut  three-fourths 
of  a  mile  north  of  Beaver  creek. 

387.  Dark,  silico-argillaceous  rock  apparently  carbonaceous. 
N.  E.  i,  S.  W.  i  sec.  9,  58-14.    On  Partridge  river. 

388.  Eeddish,  hematitic,  quartzose  rock.    From  a  shaft  in 
N.  E.  i,  S.  E.i  sec.  11,  59-14. 

389.  Feldspathic  Keewatin  schist.      Near  the  centre  of  8. 
E.  i  sec.  11,  59-14. 

389  A.    Quartz  from  veins  in  last.    Containing  talc 

390.  Dark,  carbonaceous  (t)  rock  supposed  to  be  Keewatin. 
Same  locality. 

391.  Felsitic  siliceous  schist.    N.  E.  i  sec.  15,  59-14. 

392.  Magnetic,  olivinitic  iron  ore,  about  200  paces  southeast 
from  last  and  40  feet  higher. 

393.  Magnetic  iron  ore.    N.  W.  i,  K  W.  i  sec  14,  59-14. 

394.  Pinkish  quartzyte.    Found  in  angular  fr-agments  on  the 
trail  in  Twp.  60-13. 

395.  Black  magnetic  sand.  Birch  lake,  S.  W.  i,  S.  R  i  sec.  32, 
61-12. 

396.  Fine,  muscovado-like  gabbro.    K  E.  i  sec.  26,  61-12. 

396  A.    Specimen  of  a  boulder  (t)  enclosed  in  last. 

397.  Animike  or  Huronian  quartzyte.    S.  E.  i,  N.  E.  i  sec 
26,  61-12. 

397  A.    Hornblendic  quartzyte.    Same  locality  as  last. 

397  B.    Quartzyte  containing  unknown  mineral.  Same  place. 

397  0.    Magnetitic  quartzyte.    Same  locality. 
Vol  m— 18. 
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398.  Stratified  qaartzyte  and  magnetite.     S.   E.  i  sec.  26, 
61-12. 

399.  Olivinitic  quartzyte.     E.  J,  N.  W.  i  sec.  35,  61-12. 
399  A.     Coarse  qaartzyte  and  magnetite.    Same  locality. 

400.  Syenite,  pink  and  rather  coarse.    S.  E.  i,  N.  E.  i  sec. 
36,  61-12. 

401.  Qaartzyte,  containing  mach  magnetite.    Same  locality. 

402.  Hornblendic,  olivinitic  magnetite  rock.    N.  E.  i,  S.  W. 
isec  35,  61-12. 

403.  Coarse  qaartzyte  and  fine  chrysolyte.    S.  W.  *' forty," 
sec.  35,  61-12. 

404.  Chrysolyte.     S.  W.  i  sec.  35,  61-12. 

405.  Olivine  bearing  magnetitic  qaartzyte.   N.  i,  S.  E.  i  sec 
24,  61-12. 

405  A.   Hornblendic  samples  of  last. 
405  B.     ' '  Slickensides. ' '    Same  locality. 

406.  Hard,  hornblendic  Animike  found  lying  apon  syeaite. 
S.  E.  J,  N.  E.  i  sec.  35,  61-12. 

407.  Magnetite  and  qaartzyte  in  banded  alternation.    S.  E.  i 
sec.  30,  62-10. 

408.  Orannlar  olivinitic  rock.     Same  locality. 

409.  Fine  grained  olivinitic  magnetite.    Same  locality. 

410.  Titaniferous  (  T )  magnetite.    Same  locality. 

411.  Hornblendic  olivinitic  qaartzyte.    Same  locality. 

412.  Coarse  gabbro.     S.  E.  i,  N.  E.  J,  sec.  36, 63-10. 

412  A.    Coarse  hornblende  and  labradorite.    Same  locality. 

413.  Altered  Animike  from  fragments  enclosed  in  the  gab- 
bro.   Same  locality  as  412. 

414.  Coarse  magnetite.    Same  place. 

415.  Very  coarse  hornblende.    From  the  gabbro.   S.  E.  J,  S. 
E,  i  sec  25,  63-10. 

416  and  416  A  to  416  E  represent  a  transition  from  seridtic 
schist  to  granite. 

417.  Micaceoas  hornblendic  schist.     Same  locality. 

418.  Biotitic  hornblendic  schist.    N.  W.  forty  sec.  4,  63-12. 

419.  Calciferons  sericite  schist.    N.  W  1  sec  4,  62-12. 

420.  Gabbro  from  lake  Isabelle.    N.  W.  *,  S.  E.  i  sec.  86, 
62-«. 

420  A.    Gray,  fine  granalar  rock  contained  in  last. 

421.  Pebbles  from  a  point  jast  east  of  last. 

422.  Dyke  rock.  S.  W.  i,  S.  E.  I  sec  36,  62-8. 

423.  Fine,  brown  gabbro  containing  biotite.     East  of  lake 
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Isabelle  in  T.  62-7. 

424.  Gray  labradorite  rock.    Two  miles  up  Swamp-lake  river 
from  lake  Isabelle. 

424  A.    Gray  gabbro  with  a  streak  of  red  in  it.    Same  place. 

424  B.    Bed  gabbro.    Same  locality  as  last  twd. 

425.  ) 

425  A.  (Specimens  illustrating  a  change  from  gabbro  to  dark, 
425  R  [tough  hornblendic  rock. 

425  C.J 

426.  Hornblendic  gabbro.    East  of  the  north  end  of  lake 
Harriet. 

427.  Gabbro.    From  a  small  island  near  the  south  end  of 
Nine  Mile  lake. 

428.  Gabbro.    From  west  side  of  Crooked  lake. 

429.  Trap  rock.    Sec.  15,  59-6.    West  of  the  narrows. 

430.  Fine  grained,   olivinitic  gabbro.    West  side  of  Nine 
Mile  lake. 

431.  Gabbro.    Sec  35,  58-6. 

432.  Bed,  impure  felsyte.    East  of  last  a  few  rods. 

433.  Siliceous  Keewatin  schist.    About  40  rods  up  the  creek 
which  enters  the  east  end  of  Gunflint  lake  from  the  northeast. 

434.  Sericitic  schist.    Farther  up  the  creek  on  east  side. 

435.  Beddish,  jaspery  Animike  rock.    Bed  of  same  creek. 

436.  Dark,  ferruginous   conglomerate.      About    one-fourth 
mile  up  the  creek. 

437.  Greenish,  sericitic  schist.    East  of  last  a  few  rods. 

438.  Animike  from  near  a  contact  with  Keewatin.    Bed  of 
same  creek. 

439.  Keewatin  rock  from  same  place. 

440.  Magnetitic  gabbro.    N.  E.  i,  N.  W.  i  sec  2,  64-3. 

441.  Dioritic  magnetitic  gabbro.    S.  W.  i,  N.  W.  i  sec.  2, 
64-3. 

442.  Titaniferous  magnetite.    8.  E.  i,  N.  W.  i  sec  2,  64-3. 

443.  Black  carbonaceous  slate.    N.  W.  i  sec.  36,  65-3. 

444.  Greenstone.    Found  lying  on  top  of  443  (H). 

445.  Porphyry  or  porphyrel.     Loose  mass  at  same  place. 
445  A.    Trap  found  stuck  fast  to  445. 

446.  Very  strongly  magnetic  iron  ore.  N.  W.  i,  N.  W.  i  sec. 
23,65-4. 

447  and  447  A  to  447  E  illustrate  a  transition  from  Black 
Animike  slate  to  greenstone.     N.  E.  k  sec  25,  65-4. 
447  F.     Porphyritic  trap  rock.    Same  locality. 
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■■til  schist  from  near  a  contact  with  469. 
'.  -\.     .Ja.^pcH' from  same  contact. 

r.'l<Npathic,  semi-crystalline  schist.     From  the  corner 
.     .  .1  -n  333''  and  "R  337"  about  half  a  mile  north  of  Otter 
:   ..'  1;  lake. 

4  72.     Coarsely  porphyritic  green  rock.     North  side  of  a  lake 
whicli  lies  on  the  north  side  of  Otter  Track  lake. 

473  and  473  A.    Keewatin  rock  turning  into  red  and  black  jas- 
per.    North  of  Otter  Track  lake. 
473  B.    Magnetite  in  green  schist.    Same  locality. 

474.  Jasper  and  magnetite.     Same  locality. 

475.  Average  sample  of  the  non-schistose  Keewatin  from 
north  of  Otter  Track  lake. 

476.  Argillyte.    N.  W.  i,  S.  E.  i  sec.   2,  64-8.     Lake  Vira. 

477.  Pine  mica   schist.    S.   W.   t,  S.  W.  i .  sec.   32,  64-8. 
Between  Snowbank  and  Disappointment  lakes. 

478.  Bed,  fine  syenite.    Gutting  last. 

479.  Mica  schist.    S.  E.  i  Sec.  32,  64-8. 

480.  Oonglomeritic  mica  schist.    Same  locality. 

480.  A.     Bed  granite  from  intrusions  in  480. 

481.  Trap  rock  from  a  dyke  cutting  480. 

482.  Mica  schist.    S.  E.  i,  N.  E.  i  sec.  6, 63-8.    Bound  lake. 

483.  Syenite  gneiss.    N.  W.  i,  N.  E.  i  sec.  6,  63-8.     Bound 
lake. 

484.  Dark  siliceous  syenite.    West  side  of  Bound  lake. 

485.  Micaceous  syenite.    N.  W.   i,   N.  E.   i  sec.   7,  63-8. 
Bound  lake. 

486.  Oabbro.     Found  lying  on  485. 

487.  Hardened  mica  schist.    S.  E.  i  sec.  6,  63-8. 

488.  Fine  red  syenite.    Intrusion  in  last. 

489.  Finely  conglomeritic  mica  schist.    N.  E.  i  sec.  5,  63-8. 
Disappointment  lake. 

490.  490  A  and  490  B  represent  a  transition  from  mica  schist 
to  muscovado.    N.  E.  i,  S.  W.  i  sec.  4,  63-8. 
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447  G.    Dyke  rock.    Same  locality. 

448.  Brecdated  Animike  slate.    Same  locality. 

449.  Quartz  conglomerate  not  seen  in  place.    From  sec.  28, 
65<4.  I 

460.    Magnetite.    N.  W.  i  sec.  28,  65-4. 

451.  Biotitic  altered  greenstone.    Same  locality. 

452.  Diamond  drill  cores.    Same  locality. 

452  A.    Pyritons  qnartzyte  from  bottom  of  Animike  at  same 
place. 

453.  Drillings  from  about  one-eighth  mile  south  of  the 
"camp"  in  sec.  28,  in  65-4. 

454.  Quartzyte  and  magnetite.    N.  W.  i  sec  35,  65-5. 

455.  Animike  from  next  to  a  contact  with  underlying  green- 
stone.   N.  W.  }  sec.  35,  65-5. 

455  A.  Animike  rock  from  a  sijnilar  contact  150  paces  west 
of  last. 

456  and  456  A  to  456  G  are  samples  of  the  greenstone  from 
the  eastern  contact  taken  in  order  receding  from  the  line  of 
contact 

456  D  is  a  sample  of  greenstone  from  the  western  contact. 

457.  Conglomerate  greenstone.    250  paces  east  of  last. 

458.  Fine,  crystalline,  grayish-brown  rock  composed  of  plagi- 
oclase,  mica,  olivine  and  magnetite.  North  of  last  in  a  high 
ridge. 

458.  A.    Coarse,  hornblendic  gabbro.    S.  line  sec.  12,  64-6. 

459.  Gabbro.    Oabemichigama  lake.    N.  E.  i  sec.  6,  64-^5. 

460.  Modified  Animike.  South  side  of  the  island  in  N.  W.  i 
sec.  6,  64-5. 

461.  Magnetitic  gabbro.    S.  E.  }  sec.  1,  64-6. 

462.  Decomposed  gray  quartzyte.  Under  the  gabbro  at  same 
locality. 

463.  Conglomeritic  grauwacke.  N.  W.  k  sec.  33,  66-6.  South 
of  Otter  Track  lake. 

463  A.  Bock  resembling  magma  of  Ogishke  conglomerate. 
Same  locality. 

464.  464  A  and  464  B  illustrate  the  passage  of  grauwacke  into 
flint. 

465.  Magnetitic  siliceous  schist.  N.W.  i,N.  W.i  8ec.33,66-6. 

466.  Magnetitic  jaspery  rock.    On  hill  east  of  last. 

466  A.  Contact  specimen  between  466  and  siliceous  greenish 
Keewatin  schist.    Same  locality. 

467.  Amygdaloidal  calciferous  rock  from  boulders  enclosed  in 
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green  chloritic  schist.    North  side  of  Otter  Track  lake.  N.  W.  i 
8ec.  27,  66-6,  as  in  Minn. 

467.  A.  From  similar  boulders  not  amygdaloidal.  Same 
place. 

468.  Calciferons  breccia  found  immediately  surrounding  the 
boulder  forms. 

469.  Jaspilyte.    Short  distance  east  of  last. 

469.  A.    Magnetite.     Same  locality. 

470.  Oreen  schist  from  near  a  contact  with  469. 

470.  A.     Jasper  from  same  contact. 

471.  Feldspathic,  semi -crystalline  schist.  From  the  corner 
marked  "E  333''  and  '*R  337"  about  half  a  mile  north  of  Otter 
Track  lake. 

472.  Coarsely  porphyritic  green  rock.  North  side  of  a  lake 
which  lies  on  the  north  side  of  Otter  Track  lake. 

473  and  473  A.    Keewatin  rock  turning  into  red  and  black  jas- 
I)er.     North  of  Otter  Track  lake. 
473  B.    Magnetite  in  green  schist.    Same  locality. 

474.  Jasper  and  magnetite.    Same  locality. 

475.  Average  sample  of  the  non-schistose  Keewatin  from 
north  of  Otter  Track  lake. 

476.  Argillyte.    N.  W.  i,  S.  E.  i  sec.   2,  64-8.     Lake  Vira. 

477.  Fine  mica  schist  S.  W.  i,  S.  W.  t  sec  32,  64-8. 
Between  Snowbank  and  Disappointment  lakes. 

478.  Bed,  fine  syenite.    Gutting  last. 

479.  Mica  schist.    S.  £.  i  Sec.  32,  64-8. 

480.  Oonglomeritic  mica  schist.    Same  locality. 

480.  A.     Bed  granite  from  intrusions  in  480. 

481.  Trap  rock  from  a  dyke  cutting  480. 

482.  Mica  schist.    S.  K  i,  N.  £.  i  sec  6, 63-8.    Bound  lake. 

483.  Syenit^e  gneiss.  N.  W.  i,  N.  B.  i  sec.  6,  63-8.  Bound 
lake. 

484.  Dark  siliceous  syenite.    West  side  of  Bound  lake. 

485.  Micaceous  syenite.  N.  W.  J,  N.  B.  i  sec.  7,  63-8. 
Bound  lake. 

486.  Gabbro.    Found  lying  on  485. 

487.  Hardened  mica  schist.     S.  £.  i  sec.  6,  63-8. 

488.  Fine  red  syenite.    Intrusion  in  last. 

489.  Finely  conglomeritic  mica  schist.  N.  £.  i  sec  5,  63-8. 
Disappointment  lake. 

490.  490  A  and  490  B  represent  a  transition  from  mica  schist 
to  muscovado.    N.  E.  },  S.  W.  J  sec  4,  63-8. 
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490  C.    Mottled  mascovado.    Same  locality. 

491.  Olivinitic  magnetite  and  quartzyte.    Same  place. 

492.  Fine  gabbro  found  lying  upon  491. 

493.  Coarse  labradorite  gabbro*    South  of  last. 
493  A.    Titaniferous  (f)  magnetite.    Found  in  last. 

494.  Feldspathic,  muscovado-like  mica  schist.    N..E.  i  sec. 
4,  63-8. 

495.  Fine,  micaceous  syenite.    S.  W.  i  sec.  34,  64-8. 

496.  Gonglomeritic  mica  schist.    K  E.  i  sec.  33,  64-^. 

497.  Diabasic  conglomerate.    From  N.  W.  i  sec.  34  and  S. 
W.  i  sec  27,  64-8. 

498.  Diabasic  schist    Same  locality. 

499.  Diabase.    Same  locality. 

500.  Gneissic  schist  from  lake  shore  having  a  foliation  from 
N.  W.  to  S.  K,  N.  W.  i  sec  34,  64-8. 

501.  Biotitic  trap.    S.  W.  J  sec.  27,  64-8. 

502.  Siliceous  greenstone.    N..  £.  i,  S.  W,  i  sec  27,  64-8. 

503.  Porphyritic  mica  schist  conglomerate.    S.  W.  J,  N.  W. 
i  sec  27,  64-8. 

504.  Gonglomeritic  mica  schist.    S.  W.  i  sec.  11,  63-9. 

505.  Muscovado.    North  of  quarter  post  between  sections  14 
and  15,  63-9. 

505  A.    Titaniferous  (f )  magnetite.    Same  locality. 

506.  Fine,  gray,  hornblendic  mica  schist.  S.  W.  t,  N.  W.  i 
sec  16,  63-9. 

507.  Diabase,  340  paces  north  of  W.  quarter  post  sec  16, 
63-9. 

508.  Diabase.    N.  W.  corner  sec.  16,  63-9. 

509.  Fine  conglomeritic  diabase.  375  paces  north  of  the  S. 
W.  corner  sec.  9,  63-9. 

510.  Porphyrelle.    N.  B.  i  sec  8,  63-9. 

510  A.    Porphyrelle  containing  red  jasper.    Same  locality. 

510  B.    Porphyrelle  containing  greenstone.    Same  locality. 

511.  Diabasic  rock  found  enclosing  jaspilyte.  N.  E.  i  sec  8, 
63-9. 

511  A.  Gontact  specimens  of  diabase  and  jaspilyte.  Same 
locality. 

511  B.  Diabase  containing  fragments  of  jaspilyte.  Same 
locality. 

511  G.  Porphyritic  diabase  containing  fragments  of  porphy- 
relle.   Same  locality. 

512.  Soft  talcose  rock.    Same  general  locality. 
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513.  Gray  schistose  rock  fojand  in  contact  with  jaspilyte. 
Same  locality. 

514.  Jaspilyte  (jasper  and  magnetite).    Same  locality. 

515.  Porphyrelle.    N.  W.  i,  N.  B.  t  sec.  8,  63-9. 

516.  Trap  rock.     Gutting  last. 

517.  Botted  diabase.    Southwest  of  last  some  distance. 

518.  Micaceous  diabasic  schist.    Same  general  locality. 

519.  White,  crumbling  jasper.    Sec.  8,  63-9. 

520.  Dark,  ancient  conglomerate  in  contact  with  the  porphy- 
relloid  conglomerate.    Sec.  8,  63-9. 

521.  Contact  sx>ecimen.    Diabase  and  porphyrelle.    Sec.  8, 
63-9. 

522.  Coarser  diabase  than  usual,   haying  white  crystals  of 
feldspar  on  weathered  surfaces. 

522  A.    Fine  diabase  cutting  522. 

523.  Fine  grained  olivinitic  mica  schist    S.  W.  forty  sec.  10, 
63-9. 

523  A.    Conglomeritic  mica  schist.    Same  locality. 
523  B.    Diabasic  mica  schist    North  of  last. 

524.  Busty,  decomposed  mica  schist.    Same  locality. 

525.  Mica  schist  showing  stratification.    At  300  paces  north 
of  the  S.  W.  corner  sec.  10,  63-9. 

526.  Mica  schist  from  a  contact  between  it  and  diabase.    100 
paces  north  of  last. 

527.  Diabase  from  same  contact. 

528.  Diabase.    N.  W.  i,  S.  W.  i  sec  10,  63-9. 

529.  Park,  pitted  mica  schist.    Same  locality. 

530.  Diabasic  strata  in  mica  schist.    Same  locality. 

531.  Porphyritic  mica  schist    North  of  last. 

532.  Diabase  conglomerate.    Same  general  locality. 

533.  Mica  schist,  somewhat  diabasic.    Just  south  of  the  quar- 
ter x>ost  between  sees.  3  and  4,  63-9. 

534.  Porphyrelle.    N.  E.  corner  sec  4,  63-9. 

535.  Argillitic  mica  schist.    Same  locality. 

536.  Porphyrelloid  conglomerate.    S.  B.  t,  K  W.  i  sec.  4, 
63-9. 

537.  Jaspilyte    S.  W.  t,  N.  W.  t  sec  4,  63-9. 

538.  Diabase  from  contact  with  Jaspilyte.    Same  locality  as 
last. 

538  A  and  538  B  are  from  a  distance  of  five  and  ten  feet  re- 
spectively from  this  contact. 
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538  G.  A  phase  of  the  diabase  which  does  not  look  so  basic. 
Same  place. 

539.    Black  jasper  and  magnetite.    Same  locality. 

Nos.  540  and  540  A  to  540  J  illnstrate  a  transition  from  fine 
diabasic  schist  through  siliceous  argillyte  to  porphyrelle  which 
takes  place  between  the  K  W.  corner  sec.  4  and  the  E.  quarter 
post  sec  8,  63-9. 

541.  Mica  schist.    1^.  W.  i,  N.  W.  i  sec.  9,  63-9. 

542.  Pine,  dark  syenite.     K  W.  t,  N.  B.  i  sec  9,  63-9. 

ELEVATIONS    DETEKMINED    BY  ANEROID  BAROMETER    BY   H.    V. 

WINOHELL. 

Ft.  aboTe 
L.  Sapciior. 

Devil's  Track  river  at  the  crossing  of  the  county  road  north  of  Grand 

Marais 1000 

Top  of  *'Pine  Mountain,"  12  miles  fh)m  the  lake ^  1550 

South  Brul^  river  at  the  crossing  of  county  road 1000 

Birch  hike,  Twp.  65-2 1220 

Duncan's  lake 1205 

Rose  or  Mud  lake 1060 

South  lake -  1085 

North  lake 1085 

Gunflinthike 1080 

Loon  lake 1275 

Mayhew  lake 1385 

Lake  Vira  is  about  the  same  hight  as  Knife  lake. 

Ensign  lake  is  40  feet  lower  than  Knife  lake. 

Snowbank  lake  is  45  feet  higher  than  Knife  lake. 

Disappointment  lake  is  120  ft.  higher  than  Knife  lake; 

Round  lake  is  90  feet  higher  than  Knife  lake. 

Kawishiwi  river  is  57  feet  higher  than  Knife  lake  where  the  portage  from 

Snowbank  lake  strikes  it.    N.  W.  i  sec.  15,  63-9. 

OONTAOTB  OBSERVED. 

Animike  on  the  syenite  of  the  Giant's  range,  north  of  Iron 
lake;  also  west  of  Gnnflint  lake,  N.  W.  i  see.  23,  65--4;  also  8. 
B.  t,  N.  E.  i  sec.  35,  61-12. 

Gabbro  on  Animike,  N.  E.  i  sec.  26,  61-12  sonth  of  Birch  lake; 
also  south  side  of  Disappointment  lake.  Gabbro  on  syenite,  N. 
W.  J  sec  24,  61-12;  also  N.  E.  i  sec.  7,  63-8.  Pine-grained 
gabbro  or  trap  on  Animike  slate,  east  end  of  Gnnflint  lake, 
and  around  Loon  lake.  Animike  on  Keewatin,  creek  bed  at 
east  end  of  Gnnflint  lake;  also  K  W.  i  sec.  35,  65-5;  a]so  N.  E. 

sec.  25,  65-4. 
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Trap  rock  on  porphyrel,  Loon  lake;  also  sec.  8,  63-9.  Jaspi- 
lyte  and  porphyrel,  Twp.  63-9,  many  places.  Jaspilyte  and  dia- 
base, many  places  in  Ti^p.  63-9.  Mica  schist  and  diabase,  S.  W. 
i  sec.  10,  63-9.  Mica  schist  and  porphyrel,  N.  B.  corner  sec.  4, 
63-9. 

TRANSITIONS  OBSEBYED. 

Prom  Animike  to  syenite.     North  of  Iron  lake. 

From  Keewatin  hydromica  schist  to  granite.  IS.  E.  i  sec.  9, 
€3-12. 

From  black  Animike  slate  upward  to  fine  gabbro  or  trap. 
Sonth  side  of  Loon  lake. 

From  black  Animike  slate  downward  to  trap.  N.  E.  i  sec. 
^5,  66-4. 

Frgm  mica  schist  to  ^^ muscovado"  and  back  to  mica  schist. 
'N.  E.  i  sec.  4,  63-8.     • 

From  mica  schist  to  diabase.     N.  W.  i  sec.  34,  64-8. 

Fi*om  diabase  through  diabasic  agglomerate  to  chloritic  schist. 
Twp.  63-9. 

From  diabasic  schist  through  siliceous  schist  to  porphyrel. 
Twp.  63-9. 

OONaLOMESITIO  BTSUCTUBE  OBSEBYED  IN 

Keewatin,  in  schistose,  porphyrelloid  and  diabasic  portions. 

Animike,  in  various  places. 

Syenite  of  Giant's -range,  at  Hinsdale. 

Mica  schist  and  porphyrelloid  mica  schist.  S.  E.  }  sec. 
32,  64-8. 

Gabbro,  containing  fi^agments  of  Animike.  N.  E.  }  sec.  26, 
61-12. 

Vol.  Ill— 19. 
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IV. 


REPOET   OF  GEOLOGICAL   OBSEEVATIONS  MADE   IN 

NOETHEASTBEN  MINNESOTA   DUEING 

THE  8UMMEE  OF  1888. 


By  ZTly.  8.  Orant. 


I.    Genebal  Statement. 

Daring  the  latter  part  of  Jane,  all  of  Jnly,  and  the  greater 
part  of  Angast  a  party  was  employed  in  collecting  sets,  of 
twenty-five  8x>ecimens  each,  of  the  typical  rocks  of  northeastern 
Minnesota.  Besides  the  writer,  the  party  consisted  of  Mr.  A. 
D.  Meeds,  of  the  University,  and  two  Indians,  Charley  and  Nick 
Sacker,  from  Vermilion  lake.  The  traveling  was  done  en- 
tirely by  canoe,  as  is  osaal  in  this  region.  The  town  of  Ely, 
which  is  now  the  northern  terminas  of  the  Dalath  and  Iron 
Bange  railroad,  was  ased  as  a  supply  point,  and  from  here  three 
trips  were  made  eastward  andsoath-eastward, —  each  trip  taking 
abont  three  weeks.  Most  of  the  country  from  Vermilion  lake 
east  to  Gonflint  lake,  explored  by  the  survey  daring  the  last  two 
summers,  was  passed  over,  and  rock  samples  collected  from 
various  localities  designated  by  Prof.  N.  H.  Winchell.  The 
samples  are  of  museum  size  —  three  by  four  inches — and  bear 
the  numbers  given  by  Prof.  Winchell  in  the  tenth,  fifteenth  and 
sixteenth  annual  reports  of  the  survey.  In  all  forty-five  sets,  or 
over  eleven  hundred  specimens,  were  collected;  these,  together 
with  those  collected  in  1886  and  1887,  form*  quite  a  complete 
series  of  typical  rocks  of  that  part  of  the  state  lying  north  of  lake 
Superior.  The  specimens  were  shipped  to  Minneapolis  and  are 
now  in  the  rooms  of  the  survey, — but  as  yet  they  have  not  been 
unpacked  and  labeled. 

While  collecting  the  rock  samples  some  attention  was  paid  to 
the  geology;  thus  a  few  additional  facts  were  noted,  and  several 
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places,  not  before  visited  by  the  survey,  were  examined.  But 
these  observations  were  not  very  extensive,  as  the  time  ^was  lim- 
ited and  the  main  object  was  to  collect  the  samples  wanted.  This 
£Ei^t,  together  with  the  inexperience  of  the  writer  in  the  line  of 
geology,  will  perhaps  account  for  discrepancies  in  the  following 
pages.  The  only  place  where  any  detailed  observations  were 
made  was  on  the  north  shore  of  Gunflint  lake  while  trying  to 
discover  the  western  extension  of  the  belt  of  hornblende  schists 
(Vermilion  series)  which  lie  between  the  vertical  earthy  schiste 
(Kewatin)  on  the  south  and  the  gneiss  on  the  north. 

During  the  latter  part  of  August,  all  of  September  and  the 
first  half  of  October  the  writer  was  engaged,  under  the  direction 
of  Mr.  H.  V.  Winchell,  in  examining  reported  outcrops  of  iron 
ore.  While  thus  employed,  two  separate  trips  were  made, — 
one  from  Gunfiint  lake  south  to  Brul6  lake,  and  one  along  the 
Kawishiwi  river  in  T.  63-7  and  62-9.  A  few  notes,  concerning 
the  general  geology  of  the  country  thus  passed  over,  are  given; 
but  it  should  be  remembered  that  the  main  object  of  these  trips 
was  to  examine  into  the  richness  and  extent  of  the  iron  ore  out- 
crox)S.  Notes  on  a  few  of  the  lakes  passed  through  on  a  trip 
from  Kawishiwi  lake  south  to  lake  Superior  are  also  given;  but 
a  ftdl  account  of  this  trip  will  be  found  in  the  report  of  Mr.  H. 
V.  Winchell. 

Owing  to  the  numerous  heavy  spring  rains,  all  the  lakes  and 
rivers  were  very  high, —  from  two  to  five  feet  higher  than  during 
the  summers  of  1886  and  1887;  this  rendered  examination  of  rock 
exposures  along  the  lake  shores  more  difficult  than  formerly,  as 
in  many  cases  the  water  extended  back  over  the  rocky  shores  to 
the  soil.  The  insect  pests  (black- files  and  mosquitoes)  were  also 
very  numerous  and  troublesome. 

The  Canadian  side  of  the  boundary  lakes  and  rivers  from  Gun- 
fiint lake  to  Ottertrack  lake,  seems  to  have  been  surveyed  during 
the  last  year. 

The  rock  samples,  which  illustrate  the  following  notes,  are 
numbered  from  1  up  to  298,  the  letter  G  being  placed  on  each 
specimen,  after  the  number.  The  figures  are  green, — paris 
green  and  shellac  dissolved  in  alcohol  being  used. 

The  township,  section  and  quarter  section,  where  each  speci- 
men was  found,  is  given.  The  township  (in  this  report)  is  always 
north  and  the  range  west  of  the  fourth  principal  meridian,  Min- 
nesota. 

Appended  to  this  report  will  be  found  (1)  a  brief  summary  of 
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observations,  (2)  a  list,  with  notes,  of  the  typical  rocks  of  which 
25  specimens  were  collected,  (3)  a  table  of  barometric  elevations 
and  (4)  a  catalogue  of  rock  samples  to  illnstrate  the  writer's 
notes. 

Magnetic  bearings  were  taken  roughly  in  the  field;  these  have 
not  been  corrected  either  for  general  or  local  variations. 

II.    Geolggioal  Notes. 

OTTEBTBAOK  LAKE. 

This  is  one  of  the  boundary  lakes,  and  extends  north-east  and 
south-west  in  T.  66-6.  On  the  north  shore  of  the  lake  in  IN.  E. 
}  of  N.  W.  i  sec.  27,  T.  66-6  (if  the  Minnesota  sections  were  ex- 
tended northward  to  the  Canadian  shore)  is  a  cliff  about  forty 
feet  high;  this  cliff  is  composed  of  magnetic  iron  slates 
banded  with  red  and  black;  the  red  bands  are  jasper  and  the 
black  ones  are  composed  mostly  of  magnetite.  The  banding  is 
twisted  and  bent  in  every  direction,  but  is  almost  always  in  a 
vertical  plane.  Mr.  J.  F.  Gonniff  of  Duluth  tells  me  that  on 
the  south  side  of  the  lake  in  the  N.  i  of  sec.  33  (80  rods  south  of 
the  lake  shore),  there  is  an  exposure  of  these  vertical  iron  slates; 
he  says  they  appear  in  the  form  of  a  "  vein,"  from  four  to  twelve 
feet  wide,  and  strike  east  and  west.  No.  1  and  No.  2  are  speci- 
mens he  gave  me  from  this  locality;  No.  3  is  from  the  cliff  on  the 
north  shore  of  the  lake.  The  first  outcrop  on  the  shore  west  of 
these  slates  is  represented  by  No.  4,  and  the  first  east  of  them  by 
No.  5,  both  of  which  are  graywacke-like  rocks.  A  full  account 
of  this  place  will  be  found  in  the  report  of  Mr.  H.  V.  Winchell; 
also  see  the  sixteenth  annual  report,  p.  210,  for  the  geology  of 
Ottertrack  lake. 

GUNFLINT  LAKE  AND  VICINITY. 

This  lake  lies  on  the  boundary  in  the  north  part  of  T.  65-3, 
and  extends  eastward  into  T.  65-2;  it  also  touches  the  eastern 
side  of  T.  65-4. 

On  the  small  island  in  S.  E.  i  of  S.  E.  i  sec.  13,  T.  65-4,  were 
found  five  elongated  pieces  of  a  dark  schist,  which  is  composed 
principally  of  hornblende  and  feldspar,  the  latter  weathering 
pinkish;  these  pieces  are  in  the  syenite  of  which  the  island  is 
comiK)6ed;  the  largest  piece  was  five  feet  long  and  seven  inches 
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wide;  the  long  axis  of  each  piece  extends  in  the  same  direction^ 
—  i.  e.  N.  85**  W.  (Mag.).  All  the  pieces,  except  one,  thin  out 
into  wedge-shaped  ends.  No.  6  represents  the  syenite,  and  No.  Z 
the  schist.    The  largest  of  these  pieces  is  shown  in  Fig.  1. 


S/r. > 


.-      -  ^  .^  _         •    *^   ^ 


Fig.  ] .    Homblendt  schist  inclosed  in  syeniU^  Qunfiint  Idkt, 

Sections  north  of  Qunflint  lake.  Three  sections  were  made 
north  from  the  lake  near  the  centre  of  the  northern  shore, 
the  object  being  to  discover  what  becomes  of  the  hornblende 
schist  belt  (the  Vermilion  series  of  the  snrvey)  that  was  found 
north  of  the  lake  near  its  eastern  end  in  1887.  If  this  belt  con- 
tinnes  in  the  same  strike  as  there  seen,  it  should  appear  again  ixk 
Blackfly  bay  north  of  the  narrows  of  the  lake;  but  no  trace  of  it 
is  here  found.  The  measurements  in  these  sections  are  only 
roughly  estimated,  the  ground  being  too  rough  and  too  much 
covered  with  underbrush  to  allow  pacing.  The  location  of  the 
observations  is  given  as  accurately  as  possible,  supposing  the 
section  lines  of  the  Minnesota  townships  to  be  extended  to  the 
Canadian  side.  Fig.  2  shows  the  relations  of  this  belt  of  crystal- 
line schists  and  of  the  Kewatin  slates  to  the  syenitic  gneiss.  For 
the  description  of  this  belt  of  hornblende  schists  the  reader  is 
referred  to  the  sixteenth  annual  report,  pages  68-77,  262-6,  337, 
and  the  map  on  page  255. 

Section  I:  North  from  the  lake  shore  a  little  west  of  the  line 
between  sees.  14  and  15,  T.  66-3.  This  would  be  directly  north 
of  the  east  end  of  the  island  in  sec.  15 — the  only  island  in  this 
part  of  the  lake. 

The  first  rock  exposed  is  a  vertical  sericitic  schist,  on  the  lake 
shore ;  it  extends  east  and  west  about  200  yards ;  this  is  the 
most  westerly,  but  one,  exposure  of  vertical  schists  on  Oun- 
flint  lake.  This  rock  is  represented  by  No.  11;  the  exposure 
continues  north  100  feet,  and  rises  8  feet  above  the  water.  After 
passing  a  swamp  250  feet  wide,  a  hill  rises  60  feet  above  the 
lake ;  this  hill  is  composed  of  schist  or  slate  similar  to  No.  11^ 
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bnt  it  is  growing  harder  and  more  flinty  (No.  12);  this  hill  is  20O 
feet  across.    Beyond  is  another  swamp  aboat  200  feet  wide,  and 
then  rises  a  second  ridge,  400  feet  in  width ;  the  first  exposure- 
is  of  a  fine  porphyrelloid  rock  (No.  13)  with  small  crystals  of 
white  feldspar;  these  crystals  are  arranged  more  or  less  in  layers 
corresponding  to  the  strike.    The  rest  of  the  hill  is  composed  of 
alternating  beds  of  black  slate  (No.  16)  and  porphyrelloid  rock 
represented  by  No.  13;  the  latter  rock  varies  from  that  in  which 
the  feldspar  crystals  are  qnite  oonspicnous,  i  inch  or  more  in> 
diameter  (No.  14),  to  that  in  which  they  are  quite  small  (No. 
15).    Near  the  top  of  the  hill  and  lying  in  a  small  depression  is 
a  mass  of  dark  trap  (No.  17);  the  contact  between  the  trap  and 
slate  was  covered  by  soil.    Nearer  still  to  the  top  of  the  hill  are 
two  dikes,  one  and  four  feet  in  width;  these  dikes  run  parallel 
with  the  beds  of  slate  and  are  exposed  for  over  20  feet;  in  the 
larger  are  fragments  of  baked  slate;  and  the  outer  portion  of 
this  dike  is  very  much  finer-grained  (No.  18)  than  the  inner 
(No.  19);  Nos.  18  and  19  seem  to  be  about  the  same  as  No.  17. 
On  the  summit  of  the  hill  in  the  porphyrelloid  schist  is  an  elon- 
gated mass  of  a  soft  schistose  rock  (No.  20)  running  N.  70°  W. 
(Mag.),  diagonally  across  the  bedding;  this  rock  was  traced  ten 
feet  before  disappearing  under  the  soil;  the  schist  is  in  no  wise 
changed  near  the  contact,  and  near  by  it  is  bent  around  some- 
smaller  lenticular  masses  of  the  same  rock  (No.  20). 

€k)ing  north  for  the  next  half  mile  the  following  country  is^ 
passed  over: — 

Swamp;— no  exposures. 

Bidge,  about  200  feet  above  the  lake,  composed  of  black  slate 
and  fine  porphyrelloid  schist.  On  the  north  side  of  this  hill 
gabbro,  similar  to  that  on  the  lake  shore,  was  found. 

Bock  covered. 

Very  hard  black  slate  (No.  21),  containing  specks  of  iron  pyrites^ 
also  porphyrelloid  schist. 

Bock  covered. 

Black  slate. 

Grabbro;  contact  with  slate  not  seen. 

Bock  covered^ 

Gabbro  represented  by  No.  22. 

Bock  covered  for  50  feet. 

Black  slate,  No.  23;  strike  N.  85°  E.   (Mag.). 

Bock  covered  for  about  150  yards,  and  ground  rapidly  descend- 
ing toward  the  north. 

Vol.  Ill— 20. 
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At  the  foot  of  the  descent  was  a  rather  coarse  porphyrelloid 
;schist  (No.  24)  largely  composed  of  a  soft  mineral,  probably 
.sericite. 

Now  comes  a  rather  level,  almost  swampy,  place  with  a  few 
^small  hills;  it  extends  for  aboat  a  third  of  a  mile,  as  follows: — 

Bock  covered;  swamp,  aboat  1,000  feet. 

Black  slate. 

Bock  covered. 

Micaceous  schist  (No.  25);  this  is  probably  in  place. 

Bocks  covered  for  aboat  300  feet. 

One  handred  feet  of  a  heavy  black  hornblende  schist;  vertical, 
•.strike  'N.S5°  E.  (Mag.)-  At  the  south  side  of  this  exposure  the 
rock  is  represented  by  No.  26;  this  seems  to  be  composed  of 
liornblende  with  some  feldspar;  the  schistose  structure  is  very 
pronounced.  This  rock  soon  grades  into  No.  27,  which  is  heavier 
and  has  better  developed  hornblende  crystals;  the  schistose 
structure  is  not  very  evident,  except  on  the  weathered  surfaces. 

The  rock  was  now  covered  for  about  200  feet,  and  then  came 
an  exposure  of  a  very  hard,  dark,  fine-grained  mica-schist  (,No. 
28.),  This  exposure  was  20  feet  wide  (N.  and  S.)  and  40  feet 
long;  strike  E.  and  W.  (Mag.);  vertical. 

After  another  swamp,  400  feet  wide,  came  an  exposure,  50  feet 
wide,  of  vertical  schist;  this  consistedof  parallel  bands  of  several 
kinds  represented  by  Kos.  29, 30, 31  and  32.  No.  29  is  light  colored, 
^somposed  mostly  of  feldspar,  which  weathers  pinkish,  and  a  small 
amount  of  mica;  bands  of  this  were  of  all  widths  up  to  one  foot; 
this  rock  made  up  about  one-half  of  the  exposure.  No.  30  is 
darker  and  contains  much  hornblende.  No.  31  contains  still 
more  hornblende;  bands  of  this  and  the  preceding  were  not  over 
aix  inches  wide.  No.  32  is  a  very  dark,  fine,  mica-schist;  no 
bands  of  this  over  two  and  a  half  inches  in  width  were  seen. 
.Samples  could  be  found  all  the  way  between  No.  29  and  No.  32, 
but  the  outlines  of  the  dififerent  bands  were  very  distinct.  The 
bands  would  often  run  out  to  needle-points  and  disappear. 

Beyond  another  swamp,  about  400  feet  wide,  was  a  small  hill, 
-covered  by  soil,  but  on  removing  the  thin  layer  of  soil  the  solid 
rock  was  exposed;  this  rock  (No.  33)  is  composed  of  hornblende 
and  feldspar;  it  is  quite  firm  and  on  fresh  surfaces  appears 
rather  massive,  but  on  the  weathered  surfaces  the  schistose 
^structure  is  plainly  seen;  this  schistosity  is  vertical  and  strikes 
JN.  85^  E.  (Mag.).  The  rock  contained  a  few  small  areas  in  which 
4)he  hornblende  seemed  to  be  collected  in  great  quantity. 


STATE  GEOLOGIST.  155 

Beyond  the  last  exposure  was  a  swamp  extending  northward; 
no  hUls  could  be  seen  for  threefoarths  of  a  mile. 

Taking  the  sum  of  the  foregoing  distances,  roughly  estimated, 
we  have  a  section,  straight  across  the  strike  of  the  slates  and  schists, 
of  6, 790  feet,  or  somewhat  over  a  mile  and  a  quarter.  This  would 
give  the  belt  of  earthy  schists  and  slates  (Kewatin)  a  width  of  4,810 
^eet;  and  the  crystalline  schist  belt  (hornblende  and  mica-schists), 
extending  north  from  No.  26  (No.  25  not  being  included,  as  it 
was  not  positively  determined  to  be  in  place),  would  have  a 
width  of  1,220  feet.  The  width  of  the  latter  belt  is  probably 
greater  than  1,220  feet,  as  the  northern  limit  may  not  have  been 
reached  and  there  are  670  feet  between  the  slates  and  the  south- 
•ern  outcrop  of  crystalline  schists  where  no  exposures  were  seen. 

SEcrriON  II:  This  section  runs  directly  north  from  the  lake, 
and  is  about  three-fourths  of  a  mile  west  of  section  I,  or  very 
near  the  line  between  sees.  15  and  16,  if  this  line  were  extended 
northward  from  the  Minnesota  side.  For  the  first  half  mile 
from  the  lake  there  is  a  well-cut  surveyor's  line. 

At  the  lake  shore  there  are  Animike  slate  fragments,  and  just 
beyond  this  and  15  feet  above  the  water  is  a  ridge  of  gabbro, 
which  is  about  200  feet  across.  A  swamp  extends  for  one-half 
mile  from  the  shore;  beyond  this  swamp  is  about  700  feet  of  dry, 
level  ground  with  no  rock  exposures.  Then  comes  a  low  ridge, 
tiO  feet  across,  on  which  are  many  granite  boulders  and  a  few 
gabbro  fragments,  but  no  rock  was  seen  in  place.  After  crossing 
500  feet  of  lower  ground  we  came  to  a  small  ridge  of  gneiss  (No. 
34)  composed  of  quartz  and  feldspar,  with  some  hornblende  and 
a  small  quantity  of  a  light  yellow  mineral. 

After  passing  over  two  other  small  ridges  of  gneiss  there  comes 
a  range  of  large  hills  of  the  same  gneiss;  from  the  first  appear- 
ance of  this  rock  to  the  range  of  large  hills  is  about  600  feet.  The 
gneissic  structure  can  be  plainly  seen  on  the  weathered  surfaces; 
it  is  vertical  and  runs  about  E.  and  W.  (Mag.).  This  range  is 
from  40  to  75  feet  above  the  swamp,  and  extends  eastwardly, — the 
southern  front  being  precipitous  and  running  N.  55^  E.  (Mag.); 
south  of  it  is  a  valley  surrounded  by  hills;  the  location  is  shown 
in  Fig.  2. 
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.Fl^.2.     Sketch  showing  the  relation  of  the  crystalline  schists  ( fennt/Son  Mries)  and  A'^nrofin  </A/et 

to  the  gneiss  north  of  Chinflint  lake. 

Several  pieces  of  micaceous  schist  were  found  in  this  gneiss; 
they  were  lenticular  in  shape  and  ran  with  the  gneissic  struc- 
ture. The  largest  piece  of  schist  was  10  feet  long  and  18  inches 
wide,  and  one  end  was  irregular  instead  of  running  out  to  a 
point;  No.  35  is  from  this  piece. 

A  short  distance  east  of  the  first  observed  gneiss  is  a  trap  dike, 
20  feet  wide,  running  K  83"^  E.  (Mag.)  through  the  gneiss  hills; 
this  dike  was  traced  for  over  200  feet.  The  trap  contained  a  few 
scattered  crystals  of  feldspar,  some  of  which  are  a  quarter  of  an 
inch  long;  this  rock  is  represented  by  Xo.  36.  A  mass,  3  feet  in 
diameter,  of  trap  quite  rich  in  magnetite  (No.  37)  was  found  in 
this  dike. 
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Boatb  of  this  range  of  gneiss  hills  is  another  range  of  hills 
made  of  Kewatin  slates.  At  the  place  marked  38  in  Fig.  2  the 
slates  dip  northward  about  80^;  the  strike  of  all  the  slates  is  E. 
and  W.  (Mag.).  Here  the  slate  (No.  38)  is  interbedded  with 
porphyrel  (Ko.  39).  Aboat  100  feet  east  of  this  there  is  a  dike  of 
a  soil  schistose  rock  (No.  40)  running  parallel  with  the  slate  and 
porphyrel;  this  dike  is  4  feet  wide  and  was  traced  for  25  feet;  it 
had  split  and  inclosed  a  mass  of  the  porphyrel  (No.  42)  which 
seems  to  have  been  changed  by  heat;  the  porphyrel  at  the  con 
tact  has  the  same  appearance  as  the  inclosed  mass.  A  part  of 
the  dike  is  mnch  finer-grained  than  the  rest,  —  this  is  shown  by 
No.  41.  This  dike  rock  seems  to  have  changed  to  a  micaceous 
schist;  the  schistose  structure  runs  with  the  length  of  the  dike. 

Extending  from  the  slate  hills  to  the  gneiss  range  are  three 
low  hills  composed  of  vertical  slate,  on  top  of  which  is  gabbro ;  here 
the  slate  had  been  somewhat  bent  and  broken,  but  th^  general 
strike  was  E.  and  W.  (Mag. ).  Just  west  of  these  are  two  low  hills 
running  parallel  with  the  gneiss  range;  near  the  eastern  end  of 
these  hills  is  an  exposure  of  vertical  slate,  striking  E.  and  W. 
(Mag.);  and  between  the  two  hills,  and  almost  directly  in  the 
strike  of  the  slate,  is  an  exposure  of  gneiss.  The  last  mentioned 
exposure  of  slate  was  within  100  feet  of  the  gneiss  hills.  (Bee 
Pig.  2.) 

Here  we  find  a  range  of  gneiss  hills  directly  in  the  strike  of 
the  Kewatin  slates;  and  the  slate  comes  up  to  the  gneiss,  thus 
leaving  no  room  for  the  belt  of  crystalline  schists;  subsequently 
the  crystalline  schists  were  found  a  short  distance  northeast  of 
this  place. 

SBonoK  ni:  About  15^  west  of  north,  from  the  end  of 
Kewatin  bay  (see  map  on  page  256  of  16th  An.  Bep.)  to  the 
gneiss  in  the  N.  W.  \  of  sec.  15. 

Forty  feet  from  the  lake  is  a  hill,  200  feet  wide,  rising  40  feet 
above  the  water;  the  rock  here  is  a  vertical  reddish-weathering 
schist  (No.  47),  striking  N.  80"^  E.  (Mag.).  Six  hundred  feet 
beyond  this  is  is  another  hill  300  feet  wide;  this  is  composed  of 
vertical  black  fiinty  slate  (No.  48)  which  weathers  whitish;  the 
strike  on  the  south  side  of  the  hill  is  N.  78°  E.  (Mag.),  and  on 
the  north  side  it  is  N.  82°  E.  (Mag.).  After  crossing  a  swamp 
we  come  to  another  hill  about  half  a  mile  from  the  lake;  here 
is  a  rather  light-colored  sericitic  schist  (No.  49)  striking  N.  85° 
E.  (Mag.).  About  600  feet  beyond  this  is  a  large  mass  of  gabbro 
(No.  50),  very  much  decayed.    And  a  few  rods  further  are  verti- 
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oal  slates  striking  E.  and  W.  (Mag.)-    '^^^  brings  us  to  the  val- 
ley shown  in  Fig.  2. 

Grossing  over  to  the  gneiss  hills  on  the  north  of  this  valley  and 
following  them  northeast  for  about  1,000  feet,  we  come  to  a  large 
hill  which  is  400  feet  wide  QS.  and  S.);  on  the  western  and  north- 
western sides  of  this  hill  are  nameroos  outcrops  of  vertical  crys- 
talline schists,  striking  E.  and  W.  (Mag.).  The  sx>ecimens  col- 
lected here  are  No.  51  to  No.  56;  these  were  found  interbedded 
in  the  same  manner  as  described  in  section  I.  No.  51  is  a  horn- 
blende schist  with  a  large  quantity  of  feldspar.  No.  52  hfii& 
more  hornblende.  No.  53  is  a  fine  dark  mica-schist.  Nos.  54, 
55,  and  56  are  composed  mostly  of  hornblende  which  is  in  quite 
large  crystals.  Directly  west  of  this  hill  of  crystalline  schists 
is  the  gneiss  range,  and  the  outcrops  on  the  lower  ridges  of  this 
range  are  within  150  to  200  feet  of  the  crystalline  schists.  One 
hundreffl  and  fifty  feet  W.  S.-W.  of  51  (Fig.  2)  there  is  an  out- 
crop of  reddish  syenite  (No.  57),  and  40  feet  north  of  No.  57  the 
syenite  is  represented  by  No.  58;  No.  57  does  not  show  any 
decided  gneissic  structure,  but  this  structure  is  very  evident  in 
No.  58;  it  is  vertical  and  runs  N.  85^  E.  (Mag.);  No.  58A  shows 
this  very  well.  Two  hundred  feet  from  the  schists  and  directly 
in  the  strike,  the  gneiss  (No.  59)  is  again  seen;  the  gneiss  of  the 
range  of  hills  at  this  place  is  represented  by  this  si>ecimen. 

The  range  of  gneiss  hills  here  extends  northeastwardly  and 
outcrops  of  gneiss  can  be  seen  for  a  quarter  of  a  mile  in  that 
direction.  The  exact  contact  between  the  schists  and  gneiss 
could  not  be  found. 

Later  in  the  summer,  while  at  Qunfiint  lake,  another  trip  was* 
made  to  the  locality  described  above.  From  the  last  mentioned 
exposure  of  crystalline  schist  I  followed  west  over  the  gneiss 
range  for  nearly  a  mile  and  a  half;  thence  south  half  a  mile,  and 
also  north  for  a  short  distance;  all  the  rock  seen  (there  were 
many  exx>osures)  was  the  gneiss  with  the  gneissic  structure  ver- 
tical and  running  nearly  E.  and  W.  At  only  one  place  was 
there  any  other  rock  seen;  this  was  about  three-fourths  of  a  mile 
west  of  the  schists;  here  the  gneiss  held  many  small  pieces  of 
dark  homblendic  rock  represented  by  Nos.  170,  171,  and  172. 
No.  170  is  a  dark,  rather  fine  micaceous  schist.  No.  171  is  coarser 
and  shows  no  schistose  structure.  No.  172  is  still  coarse,  have 
large  crystals  of  hornblende;  this  rock  is  very  similar  to  Nob.  27, 
55,  and  56.  All  of  these  specimens  seem  to  be  the  same  as  the 
rock  composing  the  crystalline  schists.    The  pieces  are  mostly 
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lenticalar  in  shape,  having  the  long  axis  east  and  west,  bnt 
some  were  angular;  they  are  collected  quite  thickly  in  a  rather 
distinct  area;  on  one  side  they  disappear  within  ton  inches,  thus 
making  a  rather  well  defined  line  between  the  patch  holding  the 
foreign  pieces  and  the  rest  of  the  gneiss;  the  other  side  of  this 
patch  is  covered  by  soil,  but  15  feet  beyond  the  gneiss  appears 
again.  The  rock  in  between  the  fragments  contains  no  quartz. 
(No.  173),  but  this  rock  gradually  passes  into  the  ordinary  gneiss 
(No.  174)  which  contains  large  grains  of  quartz.  This  occur- 
rence of  foreign  pieces  in  the  gneiss  much  resembles  the  ^'con- 
glomeritic  syenite  "  of  Saganagalake  described  by  Dr.  Alexan- 
der Winchell  in  the  sixteenth  annual  report,  pages  219  and  334;: 
also  in  the  American  Geologist,  vol.  iii,  No.  3,  p.  153. 

The  facts  not^d  in.these  three  sections  may  be  summarized  as 
follows: 

The  crystalline  schists  show  no  evidences  of  having  been  twisted 
and  bent, — the  strike  is  quite  constant  and  continues  so  up  to< 
within  200  feet  of  the  gneiss;  no  outcrops  were  seen  between  this- 
and  the  gneiss,  low  ground  intervening.  The  slates  in  one 
place  near  the  gneiss  are  somewhat  crumpled,  but  this  is  only 
for  a  short  distance  and  may  have  been  caused  by  the  gabbro 
which  is  found  at  that  place.  The  crystalline  schists  (Vermilion 
series)  and  the  slates  (Kewatin)  are  cut  across  by  a  range  of 
syenite  gneiss  hills  which  run  N.  55^  E.  (Mag.).  This  syenite 
seems  to  be  the  same  macroscopically  as  that,  into  which  the 
crystalline  schists  pass  conformably'  a  few  miles  further  east. 
The  belt  of  crystalline  schists,  if  continued  in  their  strike  would 
appear  again,  either  on  Gunflintlake  north  of  the  **  narrows"  or 
on  the  boundary  river  flowing  north  from  the  lake;  but  the  schists > 
are  not  seen  here;  all  the  rock  seen  for  a  number  of  miles  north 
of  the  line  between  sees.  18  and  19,  T.  65--3,  along  the  lake  and 
river  shores  (except  a  small  area  on  the  east  side  of  Blackfly 
bay,  which  is  Animike)  is  syenite,  and  there  is  no  trace  of  the* 
schists,  unless,  perhaps,  it  be  a  very  few  lenticular  pieces  of  horn- 
blende schist  scattered  in  the  syenite^ — but  these  are  found 
elsewhere  in  the  syenite,  far  removed  from  any  quantity  of 
similar  rock.  From  the  facts  noted  it  seems  that  the  syenite 
has  been  pushed  over  or  has  flowed  over  the  crystalline 
schists,  or  that  there  was  a  fault  running  N.  E.  and  S.  W.  and 
the  schist  beds  on  the  west  side  of  this  line  have  been  pushed 
iionthwestwardly  and  now  lie  under  the  lake,  or  even  further 
floath  than  that.  The  situation  of  the  rocks  as  shown  by  these  ^ 
sections  is  given  in  Fig.  2. 
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Iron  location  at  Chub  lake.  This  is  in  the  N.  E.  i  of  sec.  29, 
T.  65-4,  and  vas  viaited  in  1887  (see  sixteenth  annaal  report. 
pages  82  to  86).  Since  Septemher,  1887,  th,ere  seems  to  have 
been  no  working  in  the  opening  into  the  bla£f  on  the  north  shore 
■of  the  lake;  Xo.  44  is  a  fair  sample  of  the  iron  ore  foand  at  this 
place.  A  few  rods  west  of  this  there  is  a  steam  engine  and  a 
large  quantity  of  drill  pipe.  A  diamond  drill  was  worked  here 
-daring  the  winter  of  1887-8  by  Mr.  Millar  of  Grand  Marais.  The 
drill  has  gone  down  through  the  Pewabie  qoartzyte  into  the 
greenstone.  A  few  pieces  of  the  drill  core  (No.  45)  were  lyiDg 
about;  all  of  these  seemed  to  be  qnartzyte,  which  in  some  places 
contained  bands  of  a  dark  mineral,  probably  hornblende. 

Firat  faOs  north  of  Ovnfltnt  lake.  These  lalls  are  in  the 
boundary  river  in  the  N.  B.  \  of  N.  E.  i  sec.  13,  T.  65-4.  The 
Tock  making  the  falls  is  the  syenite  gneiss  (No.  62)  of  the  region, 
with  the  gneiasic  structure  running  No.  80°  E.  (Mag.).  On  the 
Canadian  side  of  the  river  is  a  diabase  dike  running  N.  5"  W. 
(Mi^.);  this  is  first  seen  at  the  waters  edge  on  the  upper  (south) 
«ide  of  the  falls.  The  dike  rock  is  fairly  represented  by  No.  61, 
but  in  some  places  it  is  finer  grained,  as  shown  by  No.  61 
A.    After  rnnnlng  north  about  60  feet  the  dike  suddenly  ends. 
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bat  a  few  feet  east  of  this  it  is  seen  again  and  was  traced  north- 
ward for  abont  150  feet;  here  the  rock  contains  more  of  a  yellow- 
ish-green mineral,  as  is  shown  by  No.  63;  and  in  some  places  the 
surface  is  pitted  (shown  by  No.  64)  by  the  decay  of  one  of  the 
mineral  constituents. 

From  this  dike  a  spur,  four  inches  wide,  runs  out  into  the 
syenite  for  four  feet  and  ends  in  a  point  (see  Fig.  3).  Here  is 
a  piece  of  the  syenite  in  the  dike;  this  piece  is  eight  feet  long 
and  four  inches  wide;  the  gneissic  structure  is  parallel  to  that  of 
the  syenite  through  which  the  dike  cuts.  There  is  also  a  small 
lenticular  piece  of  syenite  in  the  dike,  but  in  this  the  gneissic 
structure  is  at  right  angles  to  the  other.  A  mass  of  hornblende 
schist  (No.  65)  is  inclosed  in  the  syenite,  and  one  end  of  it  is  in 
contact  with  thedikie,  while  the  other  end  runs  to  a  point;  the 
schistose  structure  runs  with  the  gneissic  structure  of  the  sur- 
rounding rock,  but  atone  point  (A,  Fig.  3)  it  is  slightly  bent.  By 
the  firmness  with  which  the  piece  of  schist  is  connected  with  the 
syenite  and  by  the  looseness  of  its  joint  with  the  dike  one  con- 
cludes that  the  schist  was  in  the  syenite  before  the  dike  cut  it; 
ther6  is  no  part  of  the  piece  of  schist  on  the  other  side  of  the 
dike.  Several  other  smaller,  lenticular  pieces  of  hornblende 
schist,  resembling  the  one  above  described  and  in  no  way  con- 
nected with  the  dike,  were  found  in  the  syenite  near  by. 

OGIS^KE-MUNOIE  LAKE. 

This  lake  lies  in  sees.  13,  23,  24,  26,  and  27  of  T.  65-6.  The 
geology  of  its  shores  has  been  described  in  the  former  reports  of 
the  survey,  but  a  few  additional  notes  from  one  place  are  here 
given. 

The  place  where  these  notes  were  taken  is  on  the  southeast 
shore  of  the  lake,  opposite  the  north  end  of  the  small  island 
which  lies  just  north  of  the  narrows  in  sec.  24;  or  in  the  S.  E.  i 
of  N.  E.  J  of  K.  W.  i  sec.  24.  At  the  water's  edge  is  a  gray 
quartzyte  (No.  76),  probably  the  same  as  the  gray  quartzyte  in 
the  section  given  on  page  371  of  the  fifteenth  annual  report;  no 
bedding  was  seen  in  this  quartzyte.  A  few  feet  from  the  shore 
are  some  vertical  black  slates  (No.  77),  striking  N.  40°  E.  (Mag.); 
the  contact  between  the  slates  and  quartzyte  was  very  distinct, 
and  in  one  place  the  quartzyte  extended  across  the  strike  of  the 
slates.  On  the  shore  a  few  feet  east  of  this  place  the  quartzyte 
held  a  bed  of  slate  about  one  foot  wide  and  striking  in  the  same 
direction  as  the  other  slates;  on  one  side  the  slate  bed  by  gradual 
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change  passed  into  the  qaartzyte,  while  on  the  other  side  the 
two  were  separated  by  a  sharp  line.  These  black  slates  contained 
many  siliceons  bands  (shown  in  the  specimens  collected)  which 
sometimes  are  an  inch  in  width.  No.  78  is  from  one  of  these 
bands;  this  seems  to  be  a  gritty  sandstone  with  some  calcareous 
matter  in  it;  it  effervesces  slightly  with  cold  hydrochloric  acid. 
Ooing  from  the  lake  these  bands  increase  in  size  and  frequency 
and  the  black  slate  gradually  disappears.  The  rock  then  grades 
through  Xos.  79,  80,  and  81  to  "No.  82  which  contains  some  quartz 
grains  but  is  chiefly  made  up  of  calcareous  or  dolomitic  matter. 
The  last  four  specimens  were  taken  in  a  distance  of  fifteen  feet; 
the  rock  all  weathered  with  a  vertical  schistose  structure  which 
ran  parallel  to  the  strike  of  the  black  s\ate, — ^i.  e.  N.  40^  R 
(Mag.).  Three  feet  beyond  No.  82  the  conglomerate  (No.  83) 
occurred;  the  contact  between  the  two  was  covered;  the  con- 
glomerate seems  to  contain  some  of  the  dolomitic  matter.  The 
distance  from  the  lake  shore  to  the  conglomerate  was  not  more 
than  thirty  feet. 

BIBOH  LAKE. 

This  lake  extends  through  the  western  part  of  T.  61-11,  and 
the  southern  part  of  T.  61-12.  Dnring  the  summer  of  1886  some 
observations  were  made  along  the  Dunka  river  (see  the  fifteenth 
annual  report,  page  340),  but  there  was  not  time  to  visit  the 
high  ridge  south  of  the  lake  in  sees.  7,  8,  and  9,  T.  60-12,  and 
trace  it  eastward  to  the  river;  consequently  the  writer  was 
instructed  to  examine  this  locality.  The  high  ridge,  which  is 
made  up  of  syenite,  was  visited  by  Mr.  H.  Y.  Winchell,  and  a 
full  account  of  it  can  be  found  in  his  report.  The  notes  here 
given  were  taken  along  the  trail  that  runs  south  from  the  lake. 

The  mouth  of  Dunka  river  is  near  the  centre  of  sec.  33,  T. 
61-12;  the  river  is  canoeable  for  about  half  a  mile  from  the  mouth; 
at  the  first  rapids  there  is  a  trail  running  south.  This  trail 
crosses  the  river  in  the  8.  W.  t  of  sec.  10,  T.  60-12;  here  the 
river  flows  over  gabbro  (No.  117)  which  contains  some  biotite. 
In  one  small  area  (about  ten  feet  square)  on  the  surface  of  the 
gabbro  there  are  numerous,  narrow  dark  bands;  these  are 
brought  out  very  plainly  by  unequal  weathering.  The  bands  are 
parallel  and  vertical,  running  N.  35®  W.  (Mag. ).  Nos.  118  and  118A 
show  these  bands;  the  latter  specimen  was  taken  from  a  looae 
piece.  About  half  a  mile  south  of  this  place  are  many  gabbro 
fragments  (No.  119)  which  evidently  came  from  rock  in  place 
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near  by.  At  the  next  crossing  (8.  W.  i  of  N.  E.  J  sec  15)  there 
are  also  some  large  gabbro  fragments  (No.  120).  The  river  at 
this  place  flows  through  a  swamp  and  no  rock  is  exposed. 
Between  the  two  crossings  the  trail  is  in  many  places  covered 
with  fallen  trees  and  is  difficult  to  follow. 

Just  west  of  the  crossing  in  sec.  10  there  is  a  low  drift  ridge; 
this  runs  a  little  south  of  west;  it  was  followed  one-fourth  of  a 
mile,  where  it  turns  more  to  the  south  and  seems  to  disappear. 
A  swamp  extends  westward  from  this  hill,  and  about  half  a  mile 
west  of  the  crossing  there  is  a  low  ridge,  ten  feet  high  and  300 
feet  long,  running  N.  20^  E.  This  ridge  is  composed  of  a  dark 
heavy  quartzyte  with  bands  of  magnetite;  the  banding  is  quite 
regular  and  parallel  and  gives  the  rook  a  decidedly  bedded 
api>earance.  The  ridge  runs  with  the  strike  of  the  quartzyte. 
The  dip  is  S.  20""  E.  at  an  angle  of  about  30""  (the  direction  of 
the  dip  is  only  estimated,  as  the  needle  was  much  disturbed). 
The  specimens  collected  here  are  No.  115.  This  rock  is  probably 
the  same  as  the  olivinitic  iron  (No.  116)  found  on  the  trail  in 
the  N.  W.  i  of  sec.  10  and  mentioned  on  page  341  of  the  fifteenth 
annual  report.  What  I  have  spoken  of  as  a  quartzyte  is  proba- 
bly composed  largely  of  olivine.  The  rock  is  a  part  of  the 
Animike  formation. 

KAWI8HIWI  BIVEB. 

In  T.  63-9.  From  the  little  bay  in  the  S.  W.  i  of  S.  E.  i  see. 
15,  T.  63-9  there  is  a  trail  running  northeast  to  the  quarter  post 
between  sees.  14  and  15.  On  the  shore  the  ordinary  gabbro 
(No.  132)  was  found;  it  here  held  a  few  grains  of  magnetite.  A 
quarter  of  a  mile  from  the  shore  the  trail  crosses  several  small 
exposures  of  iron  ore;  these  are  surrounded  by  the  gabbro;  the 
ore  is  magnetite  represented  by  No.  133,  whidti  was  taken  from 
the  first  of  these  ore  exposures. 

About  sixty  yards  northwest  of  the  quarter  post  between  sees. 
14  and  15  is  a  hill  composed  of  a  fine-grained  rock  (No.  134), 
which  seems  to  be  what  the  survey  has  called  ''  muscovado." 
The  east  side  of  the  hill  is  rather  steep  and  here  is  some  more  of 
the  magnetite  (No.  135);  this  seems  to  lie  under  the  muscovado, 
as  it  is  exposed  all  along  the  base  of  the  hill  (about  250  feet)  and 
just  above  and  within  ten  feet  of  it  the  muscovado  occurs  in 
place.  The  contact  between  the  two  was  not  found.  This  out- 
crop of  ore  seems  to  be  almost  pure  magnetite,  but  it  occurs  in 
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the  gabbro  and  very  probably  contaiiusr  quite  a  large  per  cent  of 
titanium,  as  all  the  gabbro  ores  do,  and  so  would  be  oompara- 
tively  worthless.  The  ore  is  exposed  for  about  250  feet  and  the 
exposure  is  ten  feet  high;  the  iron  seems  to  extend  under  the 
hill  indefinitely.  The  specimens  collected  fairly  represent  this 
ore. 

After  reaching  the  quarter  post  between  sees.  14  and  15  the 
trail  runs  north  on  the  section  line  to  the  northwest  corner  of 
sec.  14  and  then  east  one  mile,  and  then  north  on  the  line  between 
sees.  11  and  12  to  Snowbank  lake.  There  are  numerous  expos- 
ures of  rock,  but  it  is  all  the  ordinary  gabbro.  At  one  place  a 
few  small  pieces  of  magnetite  were  seen  in  the  gabbro.  Iron  was 
reported  just  west  of  the  quarter  post  between  sees.  11  and  12, 
but  after  search  in  this  locality  none  was  discovered. 

Mr.  Wm.  Diarmid  who  has  a  claim  in  the  N.  }  of  B.  W.  i  sec. 
3,  T.  63-9,  says  that  there  is  an  outcrop  of  magnetite  in  the  gab- 
bro near  the  quarter  post  between  sees.  13  and  14,  T.  63-9;  also 
one  in  the  S.  R  i  of  sec.  7,  T.  63-8.  He  also  mentioned  outcrops 
of  jasper  in  the  N.  E.  i  of  sec.  8,  T.  63-9  and  in  the  N.  W.  t  of 
sec.  4.  These  localities  were  not  visited  by  the  writer,  but  Mr. 
H.  Y.  Winchell  examined  the  jasper  in  T.  63-9  later  in  the  sea- 
son. 

South  of  Miahivmhiwi  lake.      The  Indians  apply  this  name  to 
the  lake,  which  the  survey  called  Bald  Eagle  lake  in  the  fifteenth 
annual  report;  the  lake  lies  mostly  in  sees.  25,  26,  and  36  of  T 
62-10.    A  river  flows  into  the  southeastern  corner  of  the  lake, 
and  about  a  mile  from  the  mouth  of  the  river,  or  in  the  N.  W.  \ 
of  sec.  5,  T.  61-9,  there  is  a  stream  flowing  into  the  river  from 
the  south;  this  stream  is  canoeable  for  about  a  mile  and  a  half. 
On  the  right  bank  of  the  stream  and  an  eighth  of  a  mile  south 
of  its  mouth  is  a  hill  of  gabbro,  which  appears  to  be  the  west  end 
of  a  low  ridge  running  east  and  west.    This  gabbro  (No.  136)  has 
a  gneissic  structure,  which  is  vertical  and  runs  N.  15°  W.  (Mag.), 
making  the  rock  break  more  re^ily  in  this  direction  than  in 
any  other.    In  some  places  the  gabbro  lies  in  horizontal  beds 
from  two  to  four. inches  thick.     The  rock  seems  to  be  almost 
entirely  composed  of  a  feldspar  (probably  labradorite)  and  a 
mineral  which  is  probably  olivine;  this,  when  not  decayed,  is  of 
a  yellowish-greeu  color,  but  its  hardness  is  below  6.    A  few  rods 
further  south,  on  the  left  bank  of  the  stream  is  a  small  hill  of  the 
some  gabbro  showing  the  gneissic  structure  running  in  the  same 
direction,—!,  e.  N.  15^  W.  (Mag.). 
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About  a  third  of  a  mile  south  of  the  last  meptloned  hill  is 
another  gabbro  hill  on  the  left  bank  of  the  stream.  The  rock 
here  is  similar  in  composition  to  that  above  described,  but  is 
coarser  grained  and  does  not  have  the  gneissic  structure  seen  in 
the  other;  but  many  of  the  weathered  surfaces  have  a  peculiar 
banding,  which  is  caused  by  the  feldspar  crystals  being  aggre- 
gated in  certain  lines  that  are  vertical  and  run  N.  10^  W.  (Mag.)* 
No.  138  is  a  fair  sample  of  the  gabbro  from  this  locality,  while  No. 
137  shows  the  banding.  The  olivine,  as  it  decays,  loses  its  yellowish- 
green  color  and  becomes  darker  (sometimes  having  a  deep  red  col  or, 
like  garnet)  until  on  the  weathered  surface  of  the  rock  it  appears 
as  rusty  spots.  The  decay  of  the  olivine  causes  the  rock  to 
crumble  and  be  easily  shattered.  From  this  hill  a  higher  range, 
running  east  and  west,  could  be  seen  about  ten  miles  to  the 
south. 

A  mile  and  a  half  from  its  mouth  the  stream  narrows  and 
rapids  soon  occur;  here  is  a  poor,  not  recently  used,  portage  on 
the  left  side  of  the  stream;  beyond  this  portage  the  stream  is 
crossed  by  many  fallen  logs,  so  we  went  no  further. 

About  a  mile  and  a  half  south  of  this  place  the  low  rounded 
hills,  a  form  common  to  a  gabbro  country,  seem  to  be  collected 
into  a  low  range  that  runs  east  and  west.  The  country  south  of 
Mishiwishiwi  lake  has  been  burnt  and  is  now  partially  covered 
by  small  poplars  and  birches,  although  many  of  the  hills  are 
treeless. 

TJie  amaU  lake  in  sec.  32,  T.  63-10.  A  small  island  near  the 
southern  shore  of  this  lake  is  composed  of  a  red  syenitic  gneiss 
(No.  139),  the  gneissic  structure  being  very  easily  seen  on  the 
weathered  surfaces  and  running  N.  50°  E.  (Mag.).  A  little 
north  of  this  is  another  island  composed  of  about  the  same 
syenite,  but  this  (No.  140)  does  not  show  the  gneissic  structure. 
These  islands  are  in  the  N.  E.  i  of  S.  W.  i  sec.  32.  On  the 
west  side  of  the  little  bay,  which  is  in  the  N.  W.  i  of  N.  W.  i 
sec.  32,  the  syenite  is  lighter  colored  and  has  large  crystals  of 
hornblende  as  shown  by  No.  141.  At  the  portage,  in  the  N.  E. 
i  of  N.  E.  i  sec.  31  there  is  a  light  gray  gneiss  (No.  142)  with 
the  gneissic  structure  running  N.  60°  E.  (Mag.);  this  gneiss 
holds  pieces  of  a  darker  rock  (No.  143),  and  seems  to  be  mixed 
in  with  a  mica  schist  and  a  hornblende  schist  a  few  feet  south  of 
the  portage.  On  a  little  point,  near  where  the  line  between 
sees.  31  and  32  crosses  the  southern  shore  of  the  lake,  there  is 
red  syenite  like  No.  139.    There  was  not  time  to  examine  the 
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whole  lake,  bat  the  shores  seemed  to  be  made  up  of  syenite,  of 
which  No.  140  is  a  fair  sample. 

Mr.  H.  V.  Winchell  found  the  rock  on  the  southern  (t)  shore 
of  this  lake  to  be  a  dark  hornblende  rock  (No.  144),  which  grades 
into  the  ordinary  syenite  through  No.  146  and  No.  146. 

LAKE  ISABELLE.* 

This  lake  lies  in  sees.  25,  35,  and  36  of  T.  62-8  and  sees.  30  and 
31  of  T.  62-7. 

On  the  west  shore  of  the  little  bay  in  the  S.  W.  i  of  N.  W.  i  of 
sec.  36,  the  gabbro  is  composed  principally  of  labradorite  with 
a  small  amount  of  a  glassy  yellow  mineral  (probably  olivine)  and 
magnetite,  which  seems  to  cause  the  rusty  spots  near  the  sarface 
of  the  rock;  a  few  scales  of  biotite  are  also  present;  this  gabbro 
is  represented  by  No.  147.  A  few  rods  further  north  there  is  an 
irregular  vein  of  granulyte  (No.  148)  in  the  gabbro;  the  vein  is 
eight  inches  wide;  one  of  the  specimens  collected  shows  both  the 
vein  rock  and  the  gabbro;  in  the  vein  rock  there  are  a  few  scat- 
tered  scales  of  biotite. 

On  the  west  side  of  the  larger  bay,  which  is  in  the  N.  W.  k  of 
sec.  35,  there  is  a  perpendicular  cliff  (5  to  15  feet  high)  of  gabbro 
(No.  149)  that  is  coarser  grained  and  contains  considerable  oli- 
vine, but  some  of  this  yellow  color  may  be  due  to  a  decayed  con- 
dition of  the  labradorite.  At  the  head  of  this  bay,  gabbro  simi- 
lar to  No.  149  occurs. 

On  the  shore  in  the  B.  W  i  of  N.  E.  i  sec.  35  there  is  a  dark, 
heavy,  fine-grained  trap  rock  (No.  150)  which  gives  a  metallic 
ring  when  struck  by  the  hammer;  this  grades  into  No.  151  which 
is  coarser.  A  few  rods  back  from  the  shore  Nos.  152  and  153 
were  found  in  low  outcrops;  these  seem  to  be  but  different  con- 
ditions of  No.  160.  No.  152  contains  considerable  magnetite.  A 
little  further  north  on  the  shore  this  rock  contains  small  patches 
of  biotite,  as  shown  by  Nos.  154  and  155,  the  latter  being  a  de- 
cayed condition  of  the  former.  These  grade  into  No.  156  which 
is  coarser.  On  the  shore,  a  few  steps  north  of  No.  156,  this  rock 
(trap)  is  found  in  contact  with  the  gabbro  (N.  i  of  N.  E.  (  sec. 
35);  the  line  of  contact  was  not  always  distinct  and  in  some 
places,  as  near  as  could  be  determined  from  the  smooth- weathered 
surface,  the  transition  from  one  rock  to  the  other  occupied  two 


*Only  the  north  shore  of  this  lake  is  here  described ;  for  the  deeeription  of  the  rest  of  the 
Uke,  and  also  of  most  of  the  countrf  between  here  and  lake  Superior  (this  take  and  the  two  fol- 
lowing being  the  only  ones  here  mentioned),  consult  the  report  of  Mr.  H.  V.  WinohelL 


STATE  GEOLOGIST.  167 

or  three  inches.    Ko.  157  represents  the  trap  near  the  contact 
^with  the  gabbro. 

The  rest  of  the  north  shore  of  the  lake  has  many  gabbro  out- 
crops; for  long  distances  t&ere  are  smooth,  flat  exposures  of 
^bbro  rising  but  a  few  inches  above  the  water  and  extending 
l>ack  for  several  yards  froA  the  shore.  Three  dikes  are  found 
cutting  the  gabbro.  The  first  is  in  the  N.  E.  i  of  K  E.  i  sec. 
35;  this  dike  is  twenty  inches  wide  and  was  traced  for  over  sixty 
feet;  it  runs  N.  30**  W.  (Mag.);  the  rock  is  a  very  fine  diabase 
(No.  158);  the  contact  with  the  gabbro  is  distinct.  This  dike 
occurs  only  a  few  rods  north  of  the  contact  mentioned,  about 
ten  lines  above.  The  second  dike  is  in  the  S.  W.  i  of  sec.  30,  T. 
62-7,  is  twenty  feet  wide,  and  could  be  traced  only  twenty-five 
feet,  as  the  water  covered  it  on  one  end  and  the  soil  on  the  other; 
the  rock  is  diabase  and  is  represented  by  No.  159,  which  was 
.taken  from  the  centre  of  the  dike,  and  by  No.  160,  which  was 
taken  from  one  side  (only  one  side  of  the  dike  was  finely  crystal- 
line); No.  160  appears  to  be  the  same  as  No.  158;  the  contact 
is  distinct.  The  third  dike  is  in  the  W.  i  of  sec.  31,  T.  62-7  and 
is  composed  of  a  fine  diabase  represented  by  No.  161;  this  dike 
is  fourteen  inches  wide  and  can  be  traced  only  a  few  feet. 

BELLISSIMA  LAKE. 

This  lake  lies  in  the  southeastern  corner  of  T.  61-7.  The 
north  shore  was  examined  by  the  writer.  The  shore  is  usually 
lined  with  boulders,  most  of  which  are  large  gabbro  boulders, 
the  others  are  smaller  and  apparently  come  from  the  drift;  some 
of  the  latter  are  probably  from  Cupriferous  rocks.  Wherever 
the  rock  was  exposed  it  was  found  to  be  very  coarse  labradorite 
gabbro,  as  shown  by  No.  162,  which  was  obtained  on  the  shore, 
about  half  a  mile  east  of  the  west  end  of  the  lake.  The  north 
shore  was  low  and  there  were  no  hills  near  the  lake.  No  glacial 
striffi  were  seen. 

PINE  LAKE. 

This  lake  lies  in  the  B.  W.  i  of  sec  21  and  in  the  N.  W.  i  of 
sec  28,  T.  60-6. 

On  the  north  shore,  about  odb-fourth  mile  east  of  the  portage 
from  lake  Harriet  (just  west  of  Pine  lake),  is  a  low  rock  out- 
crop at  the  water's  edge;  this  outcrop  is  about  twenty  feet  square. 
The  rock  is  of  three  kinds;  (1)  a  gray  rock  (No.  163)  composed 
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mainly  of  a  gray  feldspar;  (2;  a  red  rock  (No.  164)  made  up  of 
quartz  and  red  feldspar;  (3)  a  very  fine  dark  trap  (No.  165)  hold- 
ing crystals  of  red  feldspar.  No.  164A  shows  a  darker  and  more 
siliceoos  condition  of  No.  164.  Nos.  164  and  165  are  very  much 
mixed,  each  containing  pieces  of  the  ^her  (see  Nos.  164, 165, 165 
A,  and  165B).  No.  163  is  not  found  mixed  with  the  others,  bat 
it  contains  a  few  small  pieces  of  a  dark  siliceous  rock  as  shown  by 
No.  163A.  No.  163B  is  intermediate  between  No.  163  and  No. 
164.  The  dark  trap  much  resembles  some  of  the  trap  of  the 
Cupriferous;  it  is  split  by  numerous  parallel  planes  that  are  ver- 
tical and  run  N.  5°  W.  (Mag.);  these  are  shown  by  the  speci- 
mens. 

A  diabasic  rock  (No.  166)  outcrops  on  the  east  shore  near  the 
southern  end  of  the  lake;  it  holds  a  few  scattering  crystals  of 
feldspar  which  are  sometimes  nearly  an  inch  long.  This  ontcrop 
and  the  one  mentioned  above  are  the  only  two  outcrops  on  the 
north  and  east  shores  of  the  lake. 

Mr.  H.  Y.  Winchell  reports  several  outcrops  of  fine  diabase  on 
the  west  shore  of  the  lake;  Nos.  167.  168,  and  169  represent  this; 
they  seem  to  differ  only  in  fineness,  and  all  of  them  are  much 
finer  than  that  from  the  east  shore. 

The  notes  from  Mayhew  to  Flying  Cloud  lake  (inclusive)  were 
taken  on  a  trip  from  Gnnfiint  lake  south  to  Brul6  lake  and  then 
north  and  west  through  townships  63-4, 64-4, 65-4, 65-5,  and  65S 
to  Ogishke-Muncie  lake.  The  object  of  this  trip  was  to  examine 
reported  iron  ore  locations,  most  of  which  were  not  found  as  re- 
ported,—  there  usually  being  no  ore  to  be  seen.  The  country 
passed  over  is  one  not  usually  traveled  by  white  men  and  is 
seldom  used  by  Indians  except  in  winter;  consequently  the 
portages  are  very  poor  and  badly  cut,  it  oftentimes  being  neces- 
sary to  go  ahead  and  recut  a  portage  before  the  canoe  could  be 
taken  across.  This  fact,  together  with  the  fact  that  the  township 
plats  were  very  inaccurate,  caused  much  unavoidable  delay  and 
waste  of  time.  There  are,  however,  some  fair  portages;  those 
from  Oaskanas  lake  to  BruI6  lake  are  quite  good,  and  the  i>or- 
tages  from  lake  Ida  Belle  north  to  the  lake  in  the  S.  W.  i  of 
sec.  35,  T.  65-4  are  wide  and  well  cut  out,  being  used  as  winter 
roads  by  the  Indians. 

Several  of  the  lakes  on  this  trip  were  given  names,  as  they 
have  none  on  the  township  plats  nor  on  any  of  the  maps  acces- 
sible. It  must  be  admitted  that  this  is  rather  a  bad  principle  to 
follow,  the  right  way  being  to  give  them  the  names  by  which 
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they  are  known  to  the  native  Indians  or,  better  still,  to  give  the 
English  equivalents  of  the  Indian  names;  but,  as  the  Indian 
names  were  not  obtained,  it  was  thought  best  to  have  some  name 
by  which  each  lake  could  be  known.  The  lakes  thus  named  are 
Straight,  Meed's,  Stray,  Sham,  Lost,  Georgia,  Surveyor's, 
Found,  Ida  Belle,  Narrow,  Bound,  and  Draper  lakes. 

MATHEW  LAKE. 

Mayhew  lake  is  a  narrow  strip  of  water,  about  one-fourth  of  a 
mile  wide  and  a  mile  long,  extending  east  and  west  through  the 
south  half  of  sec.  36,  T.  65-^.  It  is  305  feet  above  Ounflint  lake. 
A  rough,  steep  portage  runs  from  Loon  lake  to  Mayhew  lake. 

The  ordinary  labradorite  gabbro  (No.  175)  is  seen  on  the 
south  shore  in  S.  W.  i  of  S.  £.  i  sec  36.  On  the  end  of  the  little 
point,  which  is  in  the  S.  E.  i  of  S.  E.  i  sec  36,  the  gabbro  (No. 
176)  has  changed  somewhat,  and  on  the  south  side  of  this  point 
it  surrounds  a  large  mass  of  iron  ore.  This  ore  (No.  177)  seems 
to  be  principally  magnetite,  with  a  little  scattering  feldspar,  but, 
as  it  is  in  the  gabbro,  it  very  probablyoontains  a  considerable 
amount  of  titanium.  The  exposure  of  ore  was  30  feet  wide  and 
extended  for  about  300  feet  along  the  shore,  rising  15  feet  above 
the  water.  The  contact  between  the  ore  and  gabbro  was  found 
at  one  place;  here  the  gabbro  does  not  pass  into  the  iron  ore  by 
gradually  acquiring  more  magnetite,  but  there  is  a  sharp  and 
distinct  line  between  the  two. 

There  is  a  trail,  on  the  town  line,  running  south  from  the  lake; 
this  trail  was  followed  nearly  three-quarters  of  a  mile,  and  sev* 
eral  gabbro  ridges,  running  east  and  west,  were  crossed;  the 
gabbro  is  much  decayed  and  is  nearly  half  made  up  of  magnetite 
(No.  178).  From  the  town  comer  (T.  65-2,  65-^,  64-2,  and  64-3) 
a  trail  runs  west  along  the  line  between  townships  64  and  63. 
About  a  quarter  of  a  mile  west  of  the  corner,  and  just  south  of 
the  line,  there  is  a  small  lake;  here  were  seen  many  fresh  beaver 
gnawings.  (Gabbro  was  the  only  rock  seen  on  this  trail  (it  was 
followed  no  further  than  the  small  lake  mentioned  above). 

IBON  LAKE. 

This  lake  is  a  narrow  body  of  water  extending  through  the 
south  half  of  sees.  31, 32,  and  33  of  T.  65-2.    It  is  the  same  hight 
as  Mayhew  lake,  and  the  two  are  connected  by  a  narrow  strip  of 
water,  60  or  more  feet  in  width. 
VoL  m.— 22. 
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The  point,  which  is  crossed  by  the  line  between  sees.  31  and 
32,  also  the  north  shore  of  the  lake  in  the  south  half  of  sec.  32, 
were  examined  in  order  to  see  the  iron  ore  at  these  places.  (This 
lake  was  described  in  the  tenth  annual  report,  page  80.)     The 
point  was  crossed  twice  west  of  the  section  line  and  once  east  of 
it,  but  no  ore  was  found  except  a  seam  of  magnetite  (containing 
a  little  feldspar)  eight  inches  wide  and  twelve  feet  long,  and  a 
few  small  masses  (No.  179)  of  the  same  in  the  gabbro.    A  low 
ridge  of  gabbro  runs  along  the  southern  shore  of  this  point,  and 
in  this  ridge  the  magnetite  was  found.    The  gabbro  is,  in  plaoes, 
quite  rich  in  magnetite;  this  is  shown  by  No.  180,  which  was  taken 
near  the  section  line.    Four  sections  of  a  quarter  of  a  mile  each 
were  made  north  of  the  lake  in  sec.  32,  but  no  ore  was  found. 
The  rock  was  all  gabbro,  and  none  of  it  contained  as  much  iron 
as  No.  180.    The  shores  of  Iron  lake  are  usually  lined  with 
gabbro. 

POSTAGE  LAKE. 

Portage  lake  is  mostly  in  the  north  half  of  sec  4,  T.  64-2,  bat 
an  arm  extends  east  for  half  a  mile  in  sec  5,  and  the  line 
between  T.  64  and  65  crosses  the  northern  part  of  the  lake,  mak- 
ing a  small  portion  of  it  in  sec.  33,  T.  65-2.  It  is  25  feet  above 
Iron  and  May  hew  lakes. 

In  the  S.  E.  i  of  N.  W.  k  sec  4,  on  the  shore,  is  an  exx>06ure 
of  a  fine  '^  muscovado"  (No.  181);  one  of  the  specimens  collected 
shows  a  porphyritic  crystal  which  is  probably  labradorite.  The 
relation  of  this  rock  to  the  gabbro  could  not  be  found  at  this 
place.  On  the  south  shore,  in  the  N.  E.  i  of  N.  E.  i  sec  4, 
there  is  an  exposure  where  the  gabbro  and  '^  muscovado"  were 
found  together.  The  former  held  several  large  masses  of  the 
latter  rock  that  looked  like  dikes,  but  they  could  not  be  traced 
far  enough  to  determine  that  they  were  dikes.  There  was  one 
lenticular  piece  of  '' muscovado"  (15  inches  long)  in  the  gabbro, 
and  in  places  the  gabbro  held  pieces  of  the  other  rocks  in  which 
were  small  bits  of  the  gabbro.  The  bottom  of  the  exposure  was 
entirely  of  gabbro.  It  could  not  be  positively  ascertained  which 
was  the  older  of  the  two  rocks,  but  the  '^  muscovado"  seems  to 
have  broken  up  through  the  gabbro. 

On  the  south  shore,  in  the  N.  W.  i  of  N.  W.  i  sec  3,  the 
gabbro  is  in  distinct  beds  from  two  to  eight  inches  thick  and 
dipping  south  about  30^.  This  bedded  structure,  dipping  in 
the  same  direction  and  at  about  the  same  angle,  was  noticed 
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several  times,  but  at  no  other  place  were  the  beds  as  thin  and  as 
distinct  as  here.  The  gabbro  was  seen  at  several  other  places 
on  the  sonth  shore  of  the  lake. 

POPLAB  LAKE. 

This  lake  lies  mostly  in  sees.  1  and  12  of  T.  64-2  and  sees.  7 
and  8  of  T.  64-1;  a  small  portion  is  in  sec.  6,  T.  64-1,  and  a 
narrow  bay  extends  into  the  S.  E.  k'  of  sec.  2,  T.  64-2.  It  is  20 
feet  below  Portage  lake.  A  portage  leads  from  the  east  arm  of 
Portage  lake  to  the  extreme  northwestern  point  of  Poplar  lake; 
the  trail  is  rather  plain  at  the  western  end,  bat  at  the  other  end 
there  is  almost  no  trail  at  all.  "No  one  seems  to  have  been  over 
the  portage  for  two  or  three  years.  'No  portage  could  be  found 
leading  to  Duck  lake  (a  small  lake  in  the  eastern  part  of  sec.  3, 
T.  64-2)  mentioned  by  N.  H.  Winchell  in  the  tenth  annual 
report,  page  79. 

Glabbro  was  seen  in  several  places  on  the  portage  from  Portage 
lake.  On  the  little  point  in  the  N.  W.  I  of  N.  B.  i  of  N.  W.  i 
sec.  12,  T.  64-2,  the  gabbro  is  finer  than  is  usually  found.  At 
this  place  it  varied  from  No.  182  to  No.  183;  the  former  shows  a 
gneissic  arrangement  of  the  minerals,  but  this  is  not  constant. 
On  the  shore  in  the  S.  E.  i  of  N.  E.  }  sec.  12  the  gabbro  (No. 
184)  has  the  labradorite  collected  together  in  spots,  but  this 
soon  grades  into  the  ordinary  gabbro. 

STRAIGHT  LAKE. 

This  is  a  small,  narrow  lake,  half  a  mile  long  and  100  yards 
wide,  extending  northwest  and  south  east  in  the  S.  W.  i  of  sec. 
7,  and  the  N.  W.  i  of  sec.  18,  T.  64-1.  It  is  25  feet  below  Pop- 
lar lake  and  is  not  shown  on  the  township  plat.  The  portage 
starts  from  Poplar  lake  on  the  range  line  and  runs  a  little  east 
of  south;  it  is  about  one- fourth  mile  long.  Gabbro  was  seen  on 
the  portage. 

OASIBOU  LAKE. 

Caribou  lake  is  in  sec.  18,  T.  64-1  and  sec.  13,  T.  64-2.  It  is 
ten  feet  below  Straight  lake.  The  portage  from  the  latter  lake 
is  a  quarter  of  a  mile  long.  Gabbro  occurs  on  Caribou  lake  at  the 
portage  and  was  also  noticed  in  several  places  along  the  north 
shore.  There  is  a  claim  cabin  in  the  S.  W.  i  of  N.  E.  i  sec.  13, 
T.  64-2,  probably  built  within  the  last  year,  and  from  this  cabin 
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a  line  ran  north  for  one-fourth  mile;  no  rock  was  found  except 
some  gabbro  at  the  north  end  of  this  line.  The  south  and  west 
shores  and  some  of  the  islands  of  this  lake  have  not  been  burnt, 
but  all  the  country  passed  through  since  leaving  Loon  lake  was 
burnt  a  number  of  years  ago  and  is  now  covered  with  a  not  very 
dense  growth  of  poplars  and  birches,  usually  not  more  than  25 
feet  high. 

meed's  lake. 

Meed's  lake  is  less  than  half  a  mile  wide,  and  extends  throa^^h 
the  northern  part  of  sees.  14  and  15  into  sees.  13  and  16  of  T. 
64-2.  It  is  10  feet  above  Oaribou  lake.  The  timber  along  the 
shores  is  very  dense,  composed  mostly  of  spruce,  and  extends 
down  to  the  water's  edge.  No  portage  could  be  found  from  Cari- 
bou lake  to  this  lake,  so  it  was  necessary  to  portage  up  the  creek 
bed  (S.  B.  i  of  N.  W.  i  sec  13,  T.  64-2)  for  100  yards,  where  the 
creek  widens  into  a  pond,  and  from  the  west  end  of  this  i>ond 
200  yards  more  to  Meed's  lake.  There  is  no  high  land  to  be  seen 
from  this  lake  except  a  hill,  90  feet  above  the  water,  in  the  N. 
B.  i  of  N.  W.  i  sec.  15. 

On  the  geological  map  in  the  fifteenth  annual  report  iron  ore 
is  marked  all  along  the  north  shore  of  this  lake,  but,  alter  care- 
ful search,  none  was  found.  The  north  shore  of  the  lake  was 
examined  and  no  rock  was  seen  except  several  outcrops  of  gab- 
bro.  Several  trips  were  made  north  from  the  shore,  as  follows: 
(1)  One-fourth  mile  north,  a  little  west  of  the  centre  of  sec  15; 
a  hill  of  gabbro  (No.  185),  mentioned  above,  was  the  only  rock 
found.  (2)  Mr.  Meeds  went  more  than  half  a  mile  north  about 
one-fourth  mile  west  of  the  line  between  sees.  14  and  15;  he 
reported  several  outcrops  of  gabbro.  (3)  One-half  mile  north 
from  the  little  bay  which  extends  into  the  S.  W.  i  of  S.W.  i  sec.  11; 
no  rock  found  in  place  except  a  little  gabbro  at  the  shore.  (4) 
From  the  east  side  of  this  little  bay  where  the  line  between  sees. 
11  and  14  crosses  the  shore,  northeast  one-third  mile,  and  then 
south  to  the  lake  shore.  Several  low  ridges  of  gabbro,  running 
east  and  west,  were  crossed.  On  the  way  south  to  th^  lake  a 
small  exposure  of  almost  flat-lying  (dipping  S.  4^),  bedded  rock 
was  found.  This  exposure  was  not  more  than  six  feet  across; 
the  rock  is  similar  to  some  of  the  Animike  beds  of  Ounflint  lake 
and  vicinity.  One  specimen  (No.  186)  was  collected;  this  has  a 
structure  somewhat  resembling  oolite;  pieces  of  this  are  quite 
common  on  the  beaches  of  Ounflint  lake.    The  rock  is  uudonbt* 
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edly  Animike,  bat  I  was  anable  to  determine  whether  it  was  in 
place.  Search  was  made  for  more  of  this  rock,  bat  none  was 
foand. 

NOBTH  BBULE  LAKE. 

There  is  a  portage  starting  from  Caribou  lake  a  little  west  of 
the  line  between  ranges  1  and  2  and  running  south  a  quarter  of 
a  mile  to  the  northwestern  arm  of  North  Brul^  lake.  North 
Brnl6  lake  is  a  very  irregular  body  of  water  lying  in  sees.  19, 
20  and  29  of  T.  64-1  and  sec.  24  of  T.  64-2.  It  is  20  feet  below 
Caribou  lake.  Only  that  part  of  the  northwestern  arm  lying  in 
the  N.  E.  i  of  sec.  24,  T.  64-2,  was  examined;  here  gabbro  was 
•Keen  in  two  outcrops.  The  shore  has  not  been  burnt  and  is  cov- 
ered mostly  by  spruce  and  cedar. 

STKAY  LAKE. 

This  lake  is  long  and  narrow;  it  lies  in  the  north  half  of  sec. 
24,  T.  64-2  and  extends  nearly  half  a  mile  into  sec.  23.  It  is  30 
feet  above  North  Brul6  lake.  The  portage  leading  from  the  last 
lake  to  Stray  lake  starts  almost  directly  south  of  the  one  from 
Caribou  lake.  Gabbro  was  seen  on  this  portage  and  also  along 
the  stream  that  flows  from  Stray  lake  to  North  Brul6  lake. 

G  ASK  AN  AS  LAKE.* 

This  lake  is  nearly  three  miles  long,  and  not  more  than  half  a 
mile  in  width.  It  lies  in  sees.  22,  23,  24,  25,  26,  and  27  of  T. 
64-2,  and  is  15  feet  above  Stray  lake.  We  could  find  no  portage 
leading  south  from  Stray  lake  and  so  cut  one  to  the  pond  which 
is  in  the  S.  W.  i  of  sec  24.  From  this  pond  an  old  and  poorly- 
cut  portage  leads  to  Gaskanas  lake.  Oabbro  was  seen  at  each 
end  of  the  last  portage,  also  on  the  east  side  of  the  little  bay  in 
the  S.  E.  i  of  N.  W.  i  sec.  26.  This  lake  is  a  very  pretty  little 
sheet  of  water  and  is  dotted  with  many  green  islands.  The 
shores  are  densely  wooded  and  along  the  south  shore,  especially 
in  sec.  26  where  there  are  two  claim  cabins,  there  is  considerable 
good  white  pine. 

*Tbi8 name  is  taken  from  Heinze  Bros.'  "Map  of  the  Vermilion  Iron  Range."    This  map 
gives  Winchell  lake  as  Ababikaigan  lake. 
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WINOHELL  LAKE.* 


Winohell  lake  is  a  loug,  narrow  body  of  water,  over  five  milcB 
in  length  and  less  than  half  a  mile  in  width,  extending  east  and 
west  in  the  southern  part  of  T.  64-2  and  running  half  a  mile 
into  T.  64-3.  It  is  30  feet  above  Oaskanas  lake.  The  i>ortage 
from  Gkuskanas  lake  (this  starts  from  the  bay  in  S.  E.  i  of  K.  W. 
i  sec.  26)  is  very  good, —  the  first  good  one  seen  since  leaving 
Gunfiint  lake.  The  water  of  Winchell  lake  is  deep  and  very 
clear;  the  shores  are  well  covered  with  timber  which  is  composed 
mostly  of  spruce  and  birch  with  some  scattering  white  pine. 
The  Orand  Marais  Indians  call  this  Mountain  lake,  probably 
because  of  the  high  ridge  that  extends  along  the  south  shore. 

Oabbro  occurs  in  place  at  the  portage  in  the  N.  E.  i  of  S.  W  t 
sec.  26,  T.  64-2,  and  there  are  outcrops  of  rock  (apparently 
gabbro)  all  along  the  north  shore,  but  only  one  of  these  was 
visited;  here  (S.  E.  i  of  S.  E.  i  sea  29)  the  gabbro  (No.  187)  is 
like  the  ordinary  labradorite  gabbro  found  further  north,  but  is 
a  little  finer.    We  followed  along  the  south  shore  of  the  lake, 
but  no  rock  outcrox>s  were  seen  until  we  came  to  the  point  which 
is  crossed  by  the  line  between  sees.  31  and  32,  T.  64-2;  here  a 
high  ridge,  which  extends  all  along  the  south  shore  of  the  lake 
and  rises  50  to  100  feet  above  the  water,  comes  to  the  shore  and 
forms  a  precipitous  cliff  nearly  100  feet  high.    This  cliff  is  com- 
posed of  gabbro  (No.  188)  which  differs  from  the  ordinary  gabbro 
in  that  it  contains  a  considerable  amount  of  a  whitish  feldspar 
mixed  with  the  labradorite.    The  gabbro   extends   along  the 
shore  for  a  quarter  of  a  mile  west  of  this  point. 

In  the  N.  W.  t  of  N.  W.  i  sec  31,  T,  64-2,  the  above  men- 
tioned ridge  is  cut  by  a  small  stream  flowing  from  Sham  lake, 
which  is  just  south  of  Winchell  lake.  Just  east  of  this  stream  is 
a  bluff  rising  80  feet  above  the  water.  The  rock  at  the  foot  of 
the  bluff  is  covered  by  large  angular  masses  of  rock  that  have 
fallen  down  from  higher  up.  The  first  rock  seen  in  situ  is  almost 
20  feet  above  the  water  level;  it  is  gabbro  (No.  189)  that  is  like 
the  ordinary  labradorite  gabbro,  except  that  it  is  more  compact 
and  contains  a  little  light-colored  feldspar.  Twenty  feet  higher 
up  the  gabbro  is  represented  by  No.  190;  this  is  similar  to  No. 
189,  but  has  more  of  the  light>colored  (pinkish)  feldspar.  This 
feldspar  increased  until,  ten  feet  above  No.  190,  the  rock  was 


*Thi8  name  is  taken  from  Reiaenegger's  map  of  Kortheaatera  MinneaoU. 
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largely  composed  of  it.    This  rock  (No.  191)  has  a  red  color  and 
seems  to  be  the  gabbro  changed  by  heat;  this  could  not  have 
been  done  by  forest  fires  as  none  have  passed  over  the  shore. 
The  feldspar  crystals  vary  all  the  way  from  the  dark  (almost 
bla.ck)  labradorite  throngh  white  to  a  decided  red.    This  rock  is 
about  as  coarse  and,  with  -the  exception  of  color,  has  the  same 
appearance  as  the  ordinary  gabbro.     None  of  the  specimens 
above  mentioned  contain  any  quartz.    Two  feet  above  No.  191 
the  rock  is  very  dark  and  tough,  being  composed  mostly  of  a 
black  mineral  probably  hornblende,  which  is  not  always  in 
definite  crystals;  this  gives  the  rock  (Nos.  192  and  193)  the 
appearance  of  having  a  dark  compact  ground  mass  in  which  are 
scattered  blotches  of  pinkish  feldspar;  in  these  feldspar  blotches 
there  are  numerous  small  quartz  grains.    A  little  higher  up 
occurred  a  fine  pinkish  gray  syenite  (No.  194).    No.  196  was 
taken  just  above  this  and  No.  196  from  the  top  of  the  bluff.  The 
latter  is  coarser  and  is  a  distinct  syenite.    On  examining  the 
bluff  at  another  place  the  syenite  was  found  at  the  top  and  the 
gabbro  near  the  bottom.    Among  the  angular  pieces  at  the  foot 
of  the  bluff  one  (No.  197)  was  found  which  seems  to  be  inter- 
mediate between  the  highest  gabbro  (No.  191)  and  the  syenite; 
it  resembles  No.  191  and,  like  it,  has  labradorite  (?)  crystals, 
but  it  also  contains  numerous  quartz  grains  while  No.  191  has 
none.     On  the  north  end  of  the  portage  to  Sham  lake  the  rock  is 
a  condition  of  the  gabbro, —  No.  198. 

The  above  mentioned  bluff  shows  an  apparent  transition  from 
the  gabbro  at  the  bottom  (No.  189)  to  the  syenite  at  the  top  (No. 
196),  the  syenite  lying  on  the  gabbro.  The  change  is  gradual,  and 
rapid  at  only  one  place  —  between  No.  191  and  No.  192;  here  the 
transition  occurs  within  two  feet;  the  quartz  in  No.  192  is  in  such 
small  grains  that  it  was  not  noticed  in  the  field,  so  the  exact 
place  where  the  quartz  first  appears  was  not  determined;  how- 
ever, there  is  no  distinct  contact  line  between  these  two  rocks, 
but  the  change  from  one  to  the  other  is  quite  sudden.  It 
seems  that  the  syenite  is  of  igneous  origin  and  has  flowed  out  over 
the  gabbro,  the  gabbro  being  changed  somewhat  by  molten  rock 
above  it.  No.  191  represents  the  changed  state  of  the  gabbro 
and  No.  192  is  the  first,  or  lowest,  part  of  the  syenite;  at  any 
rate  the  change  occurs  between  these  two, —  the  distinct  labra- 
dorite crystals  disappearing  and  the  quartz  coming  in. 
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SHAM  LAKE. 

This  is  a  small  lake,  less  than  a  mile  long,  on  the  line  between 
sec  31,  T.  64-2  and  sec  36,  T.  64-3.  It  is  15  feet  above  Win- 
ohell  lake  and  is  connected  with  it  by  a  small  stream  which  is  a 
short  distance  east  of  the  range  line.  The  portage  between  the 
two  lakes  is  less  than  one-eighth  of  a  mile  in  length.  Sham  lake 
has  no  long  arm  extending  west  through  sec.  36,  as  is  shown  on 
the  township  plat 

The  rock  at  the  south  end  of  the  portage  is  represented  by  No. 
199;  this  is  similar  to  No.  192  except  that  the  hornblende  is  in 
distinct  crystals  and  the  quartz  is  not  very  plentiful.  On  the 
east  side  of  the  lake,  in  the  S.  W.  \  of  N.  W.  i  sec  31,  a  fine  red 
syenite  (^No.  200)  occurs;  it  is  composed  of  a  red  feldspar  and  horn- 
blende,  the  feldspar  msJcing  up  about  two-thirds  of  the  rock;  no 
quarts  can  be  seen  with  a  hand  lens,  but  it  probably  contains 
some.  The  rock  is  probably  the  same  as  the  fine  red  syenite  or 
**  red  rock ''  found  by  Prof.  X.  H.  Winchell  both  east  and  west  of 
this  place.  Near  the  southwest  corner  of  the  lake,  in  S.  E.  i 
of  &  R  I  sec  36«  there  is  a  low  outcrop  of  a  rock  (No.  201), 
apparently  part  of  the  transition  from  gabbro  to  syenite;  it 
reis^mbles  Nos.  192  and  193  from  Winchell  lake 

iJOaor  LAKE. 

Prom  the  ^>uth  end  of  Sham  lake  thene  is  a  portage  running 
&  S.  W\  for  about  a  mile  to  Ldsar  lake.  This  lake  is  not  given 
on  Ibe  township  pl^^  and  as  near  as  conld  be  determined  it  lies 
in  the  S.  I  of  $iy^  1  and  the  N.  i  of  ^lec  li  T.  63-3.  It  is  about 
half  a  mile  loiijr  ^N.  and  &>  and  a  quaiter  of  a  mile  wide.  The 
^lonos  an^  wvll  w\>i>do<d  and  hav^  odn5idendi>le  good  white  pine. 
Thi?i  lake  is  ;^>  ftvt  alH>r^  Sham  lake. 

On  tlu^  ^H^rt;^^  iK>m  S»ha;m  lake  the  fine  red  syenite,  same  as 
Xtv  iS>iV  txvnrs  in  sevt^rsil  pUofts  ju?«  east  of  the  traiL  On  the 
wosi  s:*;o  of  tho  laX<\  i«  ^  K.  c  of  S.  W,  ;  $iec  L,  there  is  a  high 
Kn:Y  of  :h;s  sar.io  swr*uo ;  ar*-A  m^uiT  aaiiriilar  {ideees  have  fallen 
oo>oin  rii:%k;;\c  a  larp^  VJil^is;  aj  4^;4>  p'.a^- ]^e xvick Is  represented 
hv  X<v  J*v^:;?s  >»h^.oh  ^s  o:  a  ^r,ci  iwi  <vV.or  a;ni  <>L\Dtains  even  less 

Vro,-j^  l.ovj  ;:tVr^  i^f-rc-  ^*>  n  )v.T';^'t  ..f  k  c,:sarr«r<Mr  a  mile  run- 
v/.r.i;  :\.  S.\X  .  n-  A  N.'.;^4'/.  «a\(\  r*.*»l  n:.:*t.  rr.  lihe*  I^Q^wnship  plat, 
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in  the  W.  i  of  seo.  12,  T.  63-3.  This  small  lake  is  about  a 
quarter  of  a  mile  in  length.  From  its  southern  end  a  portage  of 
less  than  a  quarter  of  a  mile  leads  to  the  bay  of  Brul6  lake  that 
extends  into  the  S.  W.  i  of  sec.  12,  T.  63-3. 

Brul6  lake  is  the  largest  lake  seen  sinoe  leaving  Gunflint  lake, 
— in  fact  it  is  the  largest  lake  in  Minnesota  south  of  the  boundary 
and  east  of  range  9.  It  is  seven  miles  long,  the  average  width 
being  a  mile,  and  extends  through  the  central  part  of  T.  63-3 
and  a  mile  and  a  half  into  the  western  part  of  T.  63-2  (that  por- 
tion of  the  lake  in  this  township  was  not  visited).  The  north 
and  west  shores  have  not  been  burnt;  here  is  some  good  white 
pine.  The  southern  shore  was  burnt  some  years  ago  and  is  now 
covered  with  a  second  growth  of  birches.  There  is  a  claim  cabin 
on  the  point  in  the  N.  E.  i  of  N.  W.  i  sec.  13,  and  from  a  Grand 
Marais  Indian,  we  learned  that  there  were  several  more  about  the 
lake.  Brul6  lake  is  75  feet  below  Lost  lake.  The  water  is  de 
and  deep. 

In  the  S.  R  i  of  S.  W.  i  sec.  12,  at  the  water's  edge,  there  is 
a  low  exposure  of  a  dark  siliceous  trap  rock  (No.  203),  which 
appears  to  be  x>erfectly  homogeneous  under  the  hand  lens.  This 
rock  contains  a  few  small  crystals  of  iron  pyrites.  No  bedding 
structure  could  be  seen  but  there  were  many  small  joints  cutting 
the  rook;  in  one  place  these  were  parallel  and  dipped  south 
about  20^.  A  little  further  south  along  the  east  shore  of  this  bay 
(the  bay  in  the  S.  W.  i  of  sea  12)  is  an  outcrop  of  a  rock  (No. 
204)  composed  almost  entirely  of  plagioclase  feldspar  crystals  of 
all  sizes  up  to  half  an  inch  in  length;  these  crystals  seem  to  be 
imbedded  in  a  dark,  finely  crystalline  matrix,  but  this  is  a  very 
small  part  of  the  rock. 

On  the  point  in  the  S.  B.  i  of  N.  B.  i  of  N.  W.  \  sec  13  the 
rock  at  the  water's  edge  is  a  white  feldspar  porphyry  (No.  205); 
the  feldspar  crystals  run  up  to  those  an  inch  in  length;  the  matrix 
is  dark  and  finely  crystalline;  it  makes  up  about  one-half  of  the 
rock.  No.  204  is  probably  a  condition  of  this  porphyry.  Ten 
feet  above  No.  205  and  30  feet  back  from  the  shore  there  is 
another  feldspar  porphyry  (No.  206);  this  seems  to  be  different 
from  No.  205,  as  the  matrix  is  much  finer,  darker  and  apparently 
more  siliceous,  and  the  feldspar  crystals,  instead  of  being  white, 
are  of  a  dull  reddish-brown  color;  the  matrix  comprises  about 
three*fourths  of  the  rook;  the  feldspar  crystals  weather  white. 
The  rock  between  these  two  porphyries  is  covered  by  soil. 

VoL  III— 23. 
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A  few  yards  soath  of  No.  206  is  a  small  ezposare  of  a  brick- 
red  rock  (No.  207)  which  is  composed  of  a  reddish,  homogeneous 
and  siliceous  groand-mass,  in  which  are  small  crystals  of  a  brick- 
red  feldspar,  a  dark  mineral  (probably  hornblende)  and  qaartz. 
This  rock  might  be  called  a  quartz  porphyry  and  is  entirely 
different  from  any  of  the  others  on  this  point.  It  is  cut  by  many 
parallel  planes  (shown  in  the  specimen)  which  are  vertical  and 
run  east  and  west  On  the  north  side  of  this  exposure  tbe  red 
rock  is  in  contact  with  a  fine  diabase  (No.  208);  the  contact  line 
is  distinct  but  was  exposed  for  only  a  few  inches;  where  seen  it 
was  vertical  and  ran  east  and  west.  Near  the  contact  the  ground- 
mass  of  No.  207  becomes  darker  and  more  siliceous;  this  is  shown 
by  No.  207  A. 

Where  the  line  between  sees.  13  and  14  strikes  the  north  shore 
the  rock  is  similar  tb  No.  204.  This  same  rock  occurs  on  the 
point  in  the  N.  W.  i  of  N.  E.  k  sec.  14  and  also  on  the  small 
island  just  south  of  this  point.  The  shore  was  not  examined 
again  until  reaching  the  large  island  in  the  centre  of  sec.  17;  no 
outcrops  were  seen  along  the  south  shore  of  this  island.  On  a 
small  island  in  the  S.  E.  i  of  S.  E.  i  sec  18  there  is  a  dark,  dia- 
base-like rock  inclined  to  be  amygdaloidal  (No.  209);  this  is 
quite  finely  crystalline  and  inclines  to  a  dark  purple  color.  In 
places  in  this  rock  there  are  small  blotches  of  a  reddish  feldspar; 
the  centre  of  each  blotch  is  composed  of  a  dark  mineral,  proba- 
bly hornblende.  This  rock  also  occurs  near  the  west  end  of  the 
island  that  is  cut  by  the  line  between  sees.  17  and  18,  and  on  the 
east  end  of  the  portage  towards  C^rgia  lake. 

It  is  to  be  regretted  that  we  were  unable  to  more  carefully 
examine  the  relations  of  the  rocks  from  the  south  shore  of  Win- 
chell  lake,  to  and  through  Brul6  lake,  but  our  provisions  would 
not  warrant  a  longer  stay. 

LAKE  GEOSGIA. 

This  lake  lies  in  the  W.  i  of  sec  18,  T.  63-3,  and  sec  13,  T. 
63-4,  and  small  bays  run  into  sees.  14  and  24.  It  is  6  feet  below 
Brul6  lake.  The  shores  have  been  burnt  and  are  now  covered 
with  small  birches  and  poplars.  A  stream  fiows  from  Brul6 
lake  to  lake  Georgia  and  the  portage  between  the  two  lakes  is  in 
the  S.  W.  i  of  sec.  18;  it  is  only  200  feet,  and  not  a  quarter  of  a 
mile,  as  shown  on  the  plat  Lake  Georgia  has  no  arm  extending 
into  sec  12,  T.  63-4,  as  is  shown  on  the  government  plat. 
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In  the  north  branoh  of  the  arm  that  extends  into  the  S.  W.  i 
of  sec.  18,  a  short  distance  west  of  the  portage  from  Brule  lake, 
there  is  a  rock  (No.  210)  which  appears  to  be  a  condition  of  the 
gabbro.  A  little  west  of  this,  and  on  the  north  shore  of  this 
arm,  is  an  outcrop  of  a  feldspar  porphyry  (No.  211);  this  seems 
to  be  somewhat  similar  to  No.  206;  the  feldspar  crystals  are  red- 
dish, bat  rather  scattered — probably  making  ap  not  more  than 
one-tenth  of  the  rock.  On  the  north  shore  of  the  lake  in  the  N. 
E.  i  of  S.  W.  t  sec.  13,  T.  63-4,  there  is  a  trap  rock  (No.  212) 
which  is  in  contact  with  the  gabbro,  here  represented  by  No.  213 
the  two  specimens  were  taken  within  three  feet  of  each  other 
the  contact  line  was  covered  by  soil.  No.  2 12 A  shows  the  trap 
farther  from  the  contact;  it  is  much  coarser  than  No.  212.  Gab- 
bro also  occurs  where  the  line  between  sees.  13  and  14,  T.  63-4 
teaches  the  northern  shore  of  the  lake. 

survbyoe's  lake. 

This  lake  is  in  sec.  12,  T.  63-4.  It  is  shown  on  the  township 
plat  as  an  arm  of  lake  G-eorgia,  but  there  is  no  connection  between 
the  two  except  a  small  stream  flowing  from  Surveyor's  lake;  the 
portage  between  these  lakes  is  in  the  N.  E.  i  of  sec.  13  and  is 
over  an  eighth  of  a  mile  long.  The  aneroid  shows  no  difiference 
in  hight  between  the  two  lakes,  but  Surveyor's  lake  is  a  little 
higher  than  the  other.  *  North  and  east  of  this  lake  are  hills  50 
to  100  feet  high. 

In  the  S.  W.  i  of  sec  12  there  is  a  deep  bay  running  west  for 
nearly  half  a  mile.  At  the  end  of  this  bay  on  the  portage  going 
west  to  Found  lake  is  a  fine  red  syenite  (No.  214),similar  to  Nos. 
200  and  202.  There  is  a  ridge  extending  along  the  north  side  of 
this  bay;  the  red  rock  (syenite)  in  the  ridge  can  be  seen  from 
the  lake. 

FOUND   LAKE. 

Found  lake  is  in  the  S.  i  of  sec.  11,  T.  63-4.  It  is  a  small  lake, 
less  than  half  a  mile  long  (east  and  west)  and  is  not  shown  on  the 
township  plat.  The  shores  have  been  burnt  and  are  now  covered 
with  a  second  growth  of  birch  and  poplar.  This  lake  is  the 
same  hight  as  Surveyor's  lake. 

The  fine  red  syenite,  similiar  to  No.  214,  olcurs  in  several 
places  on  the  portage  from  Surveyor's  lake.  On  the  north  side 
of  the  lake  is  a  hill,  50  feet  above  the  water,  composed  of  a  dia- 
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base  (No.  215).  On  each  side  of  this  hill  the  red  syenite  oooarSy 
thus  making  it  seem  as  if  the  diabase  had  cat  through  the  syen- 
ite; the  two  rocks  were  not  seen  in  contact  The  north  shore  of 
the  lake  is  mostly  made  up  of  the  fine  red  syenite.  In  one  place 
this  syenite  held  angular  pieces  (none  were  seen  over  three 
inches  in  diameter)  of  a  fine  dark  rock;  thii^  is  shown  by  No.  216, 
which  shows  both  the  dark  rock  and  the  syenite.  In  tiiis  speci- 
men the  syenite  is  easily  seen  to  contain  much  quartz; —  in  the 
other  specimens  of  this  syenite  (Nos.  200,  202,  and  212)  quartz 
can  not  be  clearly  seen  with  the  hand  lens. 

LAKE  IDA  BELLE. 

This  lake  is  very  irregular.  It  lies  in  sees.  1,  2,  3,  10,  11,  and 
12  of  T.  63-4,  while  bays  extend  a  short  distance  into  T.  64-4, 
T.  64-2,  and  T.  63-^.  It  is  30  feet  below  Found  lake.  The  coun- 
try around  lake  Ida  Belle,  except  a  small  portion  at  the  north- 
east corner  of  the  lake,  has  been  burnt,  and  there  are  vast  expos- 
ures of  rock  all  around  the  lake  not  yet  covered  by  a  second 
growth  of  trees. 

This  lake  lies  in  the  great  gabbro  sheet;  probably  nine-tenths 
of  the  rock  around  the  lake  is  gabbro,  the  rest  being  trap  and 
fine  red  syenite.  A  belt  of  iron  ore  was  reported  running  finom 
sec.  1  to  sec.  18,  T.  63-4;  the  entire  lake  shore  was  examined, 
also  part  of  the  country  southwest  of  th^  lake,  but  no  iron  ore 
was  found; — in  fact  the  only  iron  seen  consisted  of  a  few  bands 
or  seams  of  magnetite  in  the  gabbro.  Fresh  beaver  cuttings 
were  seen  along  the  shore  in  sec  10,  T.  63-4.  No  portage  could 
be  found  from  the  last  lake  to  lake  Ida  BeUe,  and  so  one  was  cut 
straight  north  for  about  one-third  of  a  mile;  this  brought  us  to 
lake  Ida  Belle  near  the  centre  of  Sea  11,  T.  63-4. 

In  the  S.  W.  i  of  N.  B.  i  sec  11,  T.  63-4,  the  gabbro  (No.  217) 
occurs  and  continues  along  the  south  shore  most  of  the  way  to 
the  stream  that  enters  the  lake  in  the  S.  E.  i  of  sec  10.  In  the 
S.  W.  i  of  N.  W.  i  sec  11,  just  east  of  the  line  between  sees.  10 
and  11,  there  is  an  exposure  of  diabase  (No.  218).  The  gabbro 
on  the  little  point  in  the  S.  E.  i  of  sec  10  is  cut  by  a  dike  of 
fine  diabase  (No.  219);  the  dike  runs  a  little  west  of  north;  it  is 
three  feet  wide  and  was  traced  twenty  feet.  The  gabbro  at  this 
point  is  represented  by  No.  220,  which  is  exactly  similar  to  that 
found  much  &rther  north. 

A  trip  was  made  south  to  the  comer  between  sees;  10,  11,  14, 
and  16  and  then  west  along  the  line  between  sees.  14  and  16  for 
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nearly  half  a  mile;  the  line  could  be  followed  no  farther,  and  so 

we  went  as  near  west  as  x>ossible  until  two  miles  west  of  the 

above  comer.    Many  rounded  hills  of  gabbro  were  crossed, — ^in 

&ct  all  the  rock  seen  was  gabbro  except  a  small  outcrop  about 

three-fourths  of  a  mile  from  the  corner;  this  outcrop  consisted 

of  a  fine-grained  rock  (Ko.  221)  which,  if  it  were  a  little  more 

deoayed,  would  resemble  what  has  been  termed  '^muscovado." 

One  of  the  sx>ecimens  collected  (No.  222)  is  from  a  vein  which 

contained  large  crystals  of  hornblende,  an  inch  or  more  long. 

In  some  places  there  were  small  patches  or  seams  of  gabbro  that 

contained  considerable  magnetite,  as  shown  by  No.  223,  but  in 

no  place  did  the  magnetite  make  up  more  than  one-third  of  the 

rock.     At  one  place,  one  and  a  half  miles  west  of  the  corner, 

there  was  a  thin  scale,  not  much  more  than  half  an  inch  thick,  of 

magnetite  lying  on  the  gabbro;  this  extended  only  about  20  feet; 

No.  224  is  from  this  scale  of  magnetite.    From  the  last  place 

(one  and  a  half  miles  west  from  the  corner)  Mr.  Meeds  went 

north  for  half  a  mile,  and  found  nothing  but  gabbro.    A  section 

was  also  made  south  for  half  a  mile;  the  gabbro  was  the  only 

rock  seen. 

(}abbro  continues  along  the  north  and  west  shores  of  the  lake 
in  sec.  10;  it  was  examined  in  several  places.  There  is  a  very 
small  bay  in  the  N.  W.  i  of  N.  E.  {  sec.  10;  on  the  east  side  of 
the  entrance  to  this  bay  there  is  an  exposure  of  gabbro  sloping 
down  to  the  water.  The  surface  of  the  gabbro  is  spotted  with 
small  and  irregular  pieces  of  the  fine  red  syenite  (No.  225),  and 
there  are  veins  of  this  syenite  in  the  gabbro;  there  is  also  a  large 
piece  of  syenite,  10  by  20  feet.  This  large  piece  and  the  smaller 
pieces  of  syenite  seem  to  lie  on  the  gabbro;  and  this,  together 
with  the  fiict  that  the  gabbro  is  cut  by  veins  or  dikes  of  the  syen- 
ite, would  indicate  that  (he  syenite  is  of  later  date  than  the  gabbro. 
The  top  of  the  gabbro  exposure  is  cut  by  an  irregular  dike,  which 
at  one  end  is  three  ftet  wide;  it  then  widens  out  to  twelve  feet. 
The  direction  of  the  dike  is  nearly  east  and  west,  and  it  was 
traced  forty  feet.  The  syenite  at  this  place  is  represented  by 
No.  226,  the  dike  rocks  by  No.  226,  and  the  gabbro  by  No.  227. 
This  is  the  first  place  that  the  writer  has  found  the  fine  red  syen- 
ite in  contact  with  the  gabbro.  The  two  are  seen  in  contact 
again  at  the  northwest  comer  of  this  little  bay  j[  here  the  contact 
is  vertical,  and  is  a  sharply  defined  line,  but  there  is  only  a  small 
(four  feet  wide)  strip  of  syenite  exposed. 
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Many  outcrops  of  gabbro  are  seen  along  the  west  shore  of  the 
lake  till  we  reach  a  small  island  in  the  N.  E.  i  of  S.  E.  i  sec  3. 
On  the  north  side  of  this  island  the  gabbro  and  the  fine  red  syen- 
ite are  again  seen  in  contact;  Jiere  the  gabhrcTliea  an  the  syenUej 
which  is  represented  by  No.  228.    A  blaff  of  rock  about  thirty 


I  • 


^^'  ;^^ 


Fig.  4.    OakXtm  lying  on/lne  red  tyenite,  take  Ida  B9IU, 

feet  high  is  exposed;  the  upper  part  is  composed  of  gabbro, 
which  projects  out  beyond  the  syenite  lying  below.  At  the  con- 
tact  the  gabbro  has  crumbled  away,  so  the  actual  contact  line 
could  not  be  seen,  but  the  two  rocks  were  found  within  an  inch 
of  each  other.  There  seems  to  be  no  change  in  either  rock  near 
the  contact. 

In  the  K  E.  i  of  S.  E.  i  and  S.  E.  t  of  N.  E.  i  sec  3,  T.  63-4, 
just  north  of  the  island  mentioned  above,  there  is  a  hill  com- 
posed of  a  dark  fine* grained  rock  (No.  229).  This  is  cut  through 
and  through  by  numerous,  irregular,  branching  veins  of  the  fine 
red  syenite  (No.  230);  these  vary  from  two  feet  to  half  an  inch 
in  width,  and  even  run  out  to  needle- points.  No.  229  seems  to 
be  a  syenite,  like  the  red  syenite,  but  the  hornblende  makes  up 
so  large  a  part  of  it  that  the  rock  appears  almost  black.  It  is 
different  from  the  dark  rock  seen  in  the  syenite  on  the  north 
side  of  Found  lake.  No.  231  shows  Nob.  229  and  230  in  contact; 
the  contact  is  a  distinct  and  sharply  defined  line,  and  in  no  place 
were  the  two  rocks  found  to  grade  into  each  other. 
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The  rest  of  the  lake  shore  was  examined;  gabbro  was  found  in 
many  places,  especially  along  the  eastern  shore.  Oo  the  west 
shore,  near  the  centre  of  sec.  2,  T.  63-4,  were  two  exposures  of 
No.  229  cut  as  above  described  by  fine  red  syenite  similar  to  No. 
228.  At  the  extreme  northeastern  corner  of  the  lake,  in  the  S.  W.  i 
of  see.  31,  T.  64-^,  the  red  syenite  again  occurs.  At  the  portage 
<S.  E.  i  of  sec.  35,  T.  64-4)  going  north  from  lake  Ida  Belle  the 
^bbro  was  cut  by  veins  of  fine  red  syenite  (No.  232). 

FAOM  LIKE  IDA  BELLE  TO  OGISHKB-MUNOIE  LA.EE. 

Narrow  lake.  This  is  a  narrow  irregular  lake  in  sees.  25,  26, 
35,  and  36  of  T.  64-4;  it  is  a  mile  and  a  half  long  (north  and 
south),  but  not  more  than  a  quarter  of  a  mile  wide.  It  is  15  feet 
below  lake  Ida  Belle.  The  shores  are  densely  wooded,  the 
timber  being  mostly  spruce,  birch  and  jack  pine.  The  portage 
from  lake  Ida  Belle  is  in  the  S.  E.  \  of  sec.  35;  it  is  well  cut  and 
only  about  an  eighth  of  a  mile  in  length.  Oabbro  occurs  on  the 
west  shore  in  the  N.  E.  i  of  sec.  35.  On  the  west  shore  (S.  E.  \ 
of  N.  E.  i  sec.  26)  near  the  north  end  of  the  lake  is  what  seems 
to  be  a  decayed  condition  of  the  gabbro  (No.  233);  this  contains 
<x>n8iderable  biotite. 

Kiskadinna  laker^.  This  lake  is  mostly  in  sec.  24,  T.  64-4  and 
sees.  19  and  20,  T.  64-3.  It  is  25  feet  below  Narrow  lake.  The 
shores  are  densely  wooded.  The  northern  arm,  which  is  in  the 
8.  B.  i  of  sec.  13,  T.  64-4  and  the  N.  W.  i  of  sec  19,  T.  64^, 
is  shown  on  the  plat  as  a  separate  lake,  but  it  is  only  an  arm  of 
Kiskadinna  lake.  There  are  two  short  portages  from  Narrow 
lake  to  this  lake  along  the  stream  that  connects  the  two  lakes. 
Not  many  rock  exposures  are  to  be  seen  along  the  shores  of  this 
lake;  all  those  examined  were  gabbro.  Gabbro  also  occurs  on 
the  south  shore  of  the  northern  arm  where  the  line  between 
ranges  3  and  4  touches  the  shore. 

Kiskadinna  lake  to  Bound  lake.  In  the  N.  W.  i  of  S.  E.  i  sec. 
13,  T.  64-4  there  is  a  short  portage  from  Kiskadinna  lake  past  a 
rapids  in  the  streamf  that  flows  from  this  lake  through  sees.  13, 
U,  10,  3,  and  2  of  T.  64-4  into  Bound  lake  which  is  in  the  S.  W. 
i  of  sec  35,  T.  64-5.  There  are  three  rapids  along  this  stream 
▼here  short  portages  are  made — in  the  N.  W.  t  sea  13,  8.  W.  k 
Sec.  U,  and  N.  W.  i  sec  2, — this  last  portage  coming  to  Bound 

•  TUs  name  \»  taken  firom  Helosa  Brothers  "  Map  of  the  VennlUon  Iron  Bange." 
t  TUa  stream  Anally  enters  Qunfllnt  lake  at  Its  western  end. 
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lake.  The  stream  is  easily  canoeable,  being  usually  from  100 
to  1,000  feet  wide.  The  portages  are  well  cat  and  seem  to  be 
used  considerably  in  the  winter  time.  The  only  rock  seen  along 
this  stream  was  gabbro;  this  occurred  in  several  places,  as  fol- 
lows: near  the  centre  of  sec  13,  S.  E.  i  of  sec  11,  on  the  portage 
in  the  S.  W.  i  of  sec  11,  K  B.  i  of  sec  10,  S.  W.  i  of  sec  2, 
N.  W.  i  of  sec  2,  and  on  the  portage  in  the  N.  W.  t  of  sec.  2. 
Bound  lake  is  60  feet  below  Kiskadinna  lake 

Draper  lake.  This  is  a  somewhat  circular  lake  in  the  W.  i  of 
sec  34  and  the  E.  i  of  sec.  33,  T.  65-4.  It  is  35  feet  above 
Bound  lake.  A  portage  of  about  half  a  mile  connects  these  two 
lakes;  it  leaves  Bound  lake  at  its  northwestern  comer.  The 
gabbro  occurs  in  several  places  along  this  i>ortage.  There  are 
also  many  fragments  of  quartzyte  on  the  i>ortage,  but  no  rock  waa 
found  in  place;  these  are  probably  from  what  has  been  termed 
Pewabic  quartzyte  found  a  short  distance  north  of  here  On  the 
western  shore  of  the  lake,  in  the  N.  E.  i  of  sec  33,  there  is  an 
exx>06ureof  a  muscovado-like  rock  (Ko.  233i). 

Draper  lake  to  Flying  Cloud  lake.  From  Draper  lake  we  went 
through  six  small  lakes  to  Flying  Cloud  lake  This  plat  (T. 
65-4)  is  very  inaccurate,  and  the  route  we  took  and  the  position 
of  the  lakes  could  not  be  definitely  determined.  Below,  the  lakes 
have  been  numbered  from  one  to  six,  and  the  location  given  aa 
near  as  possible. 

Lake  No.  1: — Near  the  centre  of  sec  33,  T.  64-^.  Forty  feet 
above  Draper  lake. 

Lake  No.  2:— N.  W.  i  of  sec  33,  T.  64-5,  not  shown  on  the 
plat.    Same  hight  as  lake  No.  1. 

Lake  No.  3: — This  is  probably  Charley  lake,  which  is  in  the 
N.  i  of  sec  32,  T.  65-4.    Fifteen  feet  above  lake  No.  2. 

Lake  No.  4: — Centre  of  sec  29,  T.  65-4.  Not  shown  on  the 
plat.  Forty  feet  above  lake  No.  4.  On  the  west  side  of  the 
portage  (this  portage  runs  nearly  north)  from  lake  No.  3  there 
is  a  bluff  25  feet  high  and  over  100  feet  long;  the  front  of  the 
bluff  is  perpendicular.  At  the  base  near  the  centre  there  is  a 
fine  gray  syenite  (No.  234),  forming  the  first  eight  feet  of  and 
extending  for  25  feet  along  the  foot  of  the  bluff  Directly  over  the 
syenite  and  lying  on  it  is  the  gabbro  (No.  235)  which  composes 
most  of  the  bluff  The  change  from  the  gabbro  to  the  syenite 
was  abrupt,  there  being  no  transition.  The  contact  line  was  not 
easily  seen  as  the  face  of  the  bluff  was  covered  with  lichens,  but 
on  chipping  off  small  pieces  of  the  rock  the  syenite  and  gabbre 
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were  seen  within  an  inch  of  each  other.  The  syenite  is  very 
mnch  finer  than  the  Saganaga  syenite  fonnd  on  the  north  shore 
of  Gonflint  lake.  Jnst  across  the  portage-trail  from  this  blnff 
of  syenite  and  gabbro  there  is'  one  exposure  of  '^  muscovado" 
(No.  236)  similar  to  No.  233}.  A  little  island  in  the  southern 
part  of  lake  No.  4  is  made  up  of  a  fine  gabbro  (No.  237)  that 
seems  to  contain  considerable  olivine. 

Lake  No.  5:— E.  i  of  sec  30,  T.  65-4.  Not  shown  on  the  plat. 
This  is  a  small  lake,  not  more  than  a  quarter  of  a  mile  across. 
Same  hight  as  lake  No.  4. 

Lake  No.  6:— 8.  W.  i  of  sec.  30,  T.  65-4,  and  S.  E.  i  of  sec. 
25,  T.  65-5.    25  feet  below  lake  No.  5. 

Flying  Cloud  lake: — This  lake  is  about  a  mile  in  length,  and 
lies  in  the  S.  }  of  S.  i  of  sec.  25,  and  a  small  portion  is  in  the  N. 
W.  t  of  sec.  36,  T.  65-5.    30  (!)  feet  below  lake  No.  6. 

On  the  south  shore  near  the  east  end  of  the  lake  (S.  E.  \  of  S. 
R  \  sec.  25)  there  is  a  low  ridge  of  dark,  almost  black,  quartz- 
yte  running  east  and  west.  This  quartzyte  stands  vertical,  and 
the  strike,  as  near  as  could  be  estimated  without  the  needle, 
which  is  here  much  disturbed,  is  about  east  and  west.  The  bed- 
ding is  very  plainly  seen,  especially  on  the  weathered  surfaces; 
this  is  catised  by  bands,  which  contain  varying  proportions  of 
the  two  minerals  of  the  rock, —  quartz*  and  magnetite.  The 
specimens  collected  (No.  238)  &irly  represent  the  rock,  which  is 
so  rich  in  magnetite  that  it  would  make  a  fair  iron  ore.  The 
principal  exposure  is  in  a  vertical  north  fSeuiing  wall,  12  feet  high 
and  40  feet  long,  but  several  other  smaller  exposures  are  seen  for 
150  feet  east  of  this.  At  the  foot  of  the  ridge  is  an  outcrop  of 
greenstone  (No.  239).  It  seems  as  if  the  quartzyte  overlies  the 
greenstone,  but  this  could  not  be  positively  determined  (how- 
ever, this  is  found  to  be  the  case  about  a  mile  west  of  this  point). 
This  quartzyte  is  the  Pewabic  quartzyte  described  in  the  16th 
annual  report,  and  the  greenstone  is  probably  the  same  as  that 
mentioned  in  connection  with  the  quartzyte. 

From  Flying  Cloud  lake  we  went  southwest  for  about  two 
miles  along  a  stream — making  four  short  i>ortagee —  to  Elakego 
lake.  On  the  north  side  of  this  stream,  a  short  distance  west  of 
the  first  portage  from  Flying  Gloud  lake  (probably  in  the  S.  E. 
\  of  S.  E.  i  sec.  26,  T.  65-5),  the  Pewabic  quartzyte  again  occurs; 
here  it  is  folly  as  rich  in  iron  as  seen  at  any  other  place.    This 


*  It  if  qaito  probable  that  there  is  also  oliTine^ln  the  rock. 
Vol.  m— 24. 
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lake.  The  stream  is  easily  canoeable^  being  usually  from  100 
to  1,000  feet  wide.  The  portages  are  well  cut  and  seem  to  be 
used  oonsiderably  in  the  winter  time.  The  only  rock  seen  along 
this  stream  was  gabbro;  this  occurred  in  several  places,  as  fol- 
lows: near  the  centre  of  sec.  13,  S.  E.  i  of  sec.  11,  on  the  porta^ 
in  the  S.  W.  i  of  sea  11,  N.  R  i  of  sec  10,  S.  W.  i  of  sec  2, 
N.  W.  i  of  sec.  2,  and  on  the  portage  in  the  N.  W.  i  of  sec.  2. 
Bound  lake  is  60  feet  below  Kiskadinna  lake. 

Draper  lake.  This  is  a  somewhat  circular  lake  in  the  W.  i  of 
sec  34  and  the  E.  }  of  sec  33,  T.  65-4.  It  is  35  feet  abOTe 
Bound  lake.  A  iK>rtage  of  about  half  a  mile  connects  these  two 
lakes;  it  leaves  Bound  lake  at  its  northwestern  comer.  The 
gabbro  occurs  in  several  places  along  this  portage.  There  are 
also  many  fragments  of  quartzyte  on  the  i>ortage,  but  no  rock  was 
found  in  place;  these  are  probably  from  what  has  been  termed 
Pewabic  quartzyte  found  a  short  distance  north  of  here.  On  the 
western  shore  of  the  lake,  in  the  K  E.  i  of  sec  33,  there  is  an 
exposureof  a  muscovado-like  rock  (So.  233i). 

Draper  lake  to  Flying  Claud  lake.  From  Drax>er  lake  we  went 
through  six  small  lakes  to  Flying  Cloud  lake  This  plat  (T. 
65-4)  is  very  inaccurate,  and  the  route  we  took  and  the  position 
of  the  lakes  could  not  be  definitely  determined.  Below,  the  lakea 
have  been  numbered  from  one  to  six,  and  the  location  given  as 
near  as  x>ossible. 

Lake  No.  1: — Near  the  centre  of  sec  33,  T.  64-5.  Forty  feet 
above  Draper  lake. 

Lake  No.  2:— N.  W.  i  of  sec  33,  T.  64-^,  not  shown  on  the 
plat.    Same  hight  as  lake  No.  1. 

Lake  No.  3: — This  is  probably  Charley  lake,  which  Is  in  the 
N.  i  of  sec  32,  T.  65-4.    Fifteen  feet  above  lake  No.  2. 

Lake  No.  4: — Centre  of  sec  2d,  T.  65-4.  Not  shown  on  the 
plat.  Forty  feet  above  lake  No.  4.  On  the  west  side  of  the 
portage  (this  i>ortage  runs  nearly  north)  from  lake  No.  3  there 
is  a  bluff  25  feet  high  and  over  100  feet  long;  the  front  of  the 
bluff  is  x>erpendicular.  At  the  base  near  the  centre  there  is  a 
fine  gray  syenite  (No.  234),  forming  the  first  eight  feet  of  and 
extending  for  25  feet  along  the  foot  of  the  bluff.  Directly  over  the 
syenite  and  lying  on  it  is  the  gabbro  (No.  235)  which  composes 
most  of  the  bluff.  The  change  from  the  gabbro  to  the  syenite 
was  abrupt,  there  being  no  transition.  The  contact  line  was  not 
easily  seen  as  the  face  of  the  bluff  was  covered  with  Uohens,  but 
on  chipping  off  small  pieces  of  the  rock  the  syenite  and  gabbro 
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^were  seen  within  an  inch  of  each  other.  The  syenite  is  very 
mnch  finer  than  the  Saganaga  syenite  fonnd  on  the  north  shore 
of  Ounflint  lake.  Just  across  tixe  portage-trail  from  this  blnff 
of  syenite  and  gabbro  there  is'  one  exposure  of  '' muscovado " 
(No.  236)  similar  to  No.  2d3i.  A  little  island  in  the  southern 
part  of  lake  No.  4  is  made  up  of  a  fine  gabbro  (No.  237)  that 
seems  to  contain  considerable  olivine. 

liake  No.  5: — E.  i  of  sec.  30,  T.  65-4.  Not  shown  on  the  plat. 
This  is  a  small  lake,  not  more  than  a  quarter  of  a  mUe  across. 
Same  hight  as  lake  No.  4. 

liake  No.  6:— 8.  W.  i  of  sec.  30,  T.  65-4,  and  S.  R  i  of  sec. 
26,  T.  65-«.    26  feet  below  lake  No.  5. 

Flying  Cloud  lake: — ^This  lake  is  about  a  mile  in  length,  and 
lies  in  the  S.  }  of  S.  i  of  sec  25,  and  a  small  portion  is  in  the  N. 
W.  i  of  sec.  36,  T.  65-5.    30  (f)  feet  below  lake  No.  6. 

On  the  south  shore  near  the  east  end  of  the  lake  (S.  E.  k  of  S. 
B.  i  sec  25)  there  is  a  low  ridge  of  dark,  almost  black,  quartz- 
yte  running  east  and  west.  This  quartzy te  stands  vertical,  and 
the  strike,  as  near  as  could  be  estimated  without  the  needle, 
which  is  here  much  disturbed,  is  about  east  and  west.  The  bed- 
ding is  very  plainly  seen,  especially  on  the  weathered  surfaces; 
this  is  catised  by  Iramds,  which  contain  varying  proportions  of 
the  two  minerals  of  the  rock, —  quartz*  and  magnetite.  The 
specimens  collected  (No.  238)  foirly  represent  the  rock,  which  is 
BO  rich  in  magnetite  that  it  would  make  a  fur  iron  ore.  The 
principal  exposure  is  in  a  vertical  north  &cing  wall,  12  feet  high 
and  40  feet  long,  but  several  other  smaller  exposures  are  seen  for 
150  feet  east  of  this.  At  the  foot  of  the  ridge  is  an  outcrop  of 
greenstone  (No.  239).  It  seems  as  if  the  quartzyte  overlies  the 
greenstone,  but  this  could  not  be  positively  determined  (how- 
ever, this  is  found  to  be  the  case  about  a  mile  west  of  this  point). 
This  quartzyte  is  the  Pewabic  quartzyte  described  in  the  1601 
annual  rei>ort,  and  the  greenstone  is  probably  the  same  as  that 
mentioned  in  connection  with  the  quartzyte. 

From  Flying  Cloud  lake  we  went  southwest  for  about  two 
miles  along  a  stream — making  four  short  i>ortages  —  to  Kakego 
lake.  On  the  north  side  of  this  stream,  a  short  distance  west  of 
the  first  portage  from  Flying  Gloud  lake  (probably  in  the  S.  E. 
i  of  S.  E.  i  sec  26,  T.  65-5),  the  Pewabic  quartzjrte  again  occurs; 
here  it  is  fully  as  rich  in  iron  as  seen  at  any  other  place.    This 

•  II  ii  qalto  probable  that  there  li  also  oliTine^ln  the  rook. 
Vol.  ni— 24. 
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is  shown  by  No.  240.  It  dips  south  abont  40°.  Twelve  feet 
north  of  this  qnartzyte  is  a  low  ontcrop  of  greenstone  (No.  241); 
this  is  much  darker  and  heavier  than  No.  239  and  apparently 
contains  considerable  iron.  The  position  and  dip  of  the  qaartz- 
yte  wonld  bring  it  over  the  greenstone.  The  contact  between 
the  two  rocks  was  covered  by  soil.  On  the  south  side  of  the 
stream  is  a  ridge,  50  feet  high,  of  the  qnartzyte  dipping  soath 
about  50°.     No.  242. 

On  the  east  end  of  the  second  portage  from  Flying  Cloud  lake 
the  qnartzyte  is  again  seen;  here  it  dips  south  45°.     On  the  west 
end  of  the  portage  the  qnartzyte  is  found  lying  on  the  green- 
stone (see  Fig.  5). ,  This  is  probably  in  the  N.  W.  t  of  N.   E.  i 
sec.  35,  T.  65-5.    The  contact  is  abrupt  and  there  is  no  transi- 
tion from  one  rock  to  the  other.  Both  rocks  seem  to  be  unchanged 
near  the  contact,  except  that  the  greenstone  is  a  little  decayed. 
The  Pewabic  qnartzyte,  dipping  south  45°,  is  shown  by  No. 
243,  which  was  taken  within  six  inches  of  the  contact.     The 
greenstone  is  shown  by  No.  244;  this  seems  to  be  similar  to  Ko. 
239. 


Fig.  S.    Pewabic  quarttyte  lying  on  gruiuUme^  N.  W,}iqf  N.  E.  ^  tee.  85,  T,  65-5. 


SHOO-FLY  LAKE.* 


This  lake  is  in  the  S.  E.  }  of  sec.  11  and  the  N.  E.  i  of  sec  14, 
T.  64-7.  On  the  little  point,  in  the  N.  B.  i  of  N.  B.  t  sec.  14, 
there  is  a  fine-grained  condition  of  the  gabbro  (No.  245),  and  on 
the  east  side  of  the  lake  near  the  southern  end  there  is  a  precipi- 
tous cliff  of  the  same  rock  rising  50  feet  above  the  water, 


*The  following  notes  were  taken  on  a  trip  from  Knife  lake  through  Kekeqoabic,  Shoo-A/, 
Fraser,  Thomas,  Alice  and  Wilder  lakes,  thence  along  the  Kawishiwl  river  to  the  &  E.  )i  of  aee* 
B,  T.  62-9,  and  then  through  QuU  lake  to  Mishiwishi  lake. 
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From  Shoo-fly  lake  a  portage  of  a  third  of  a  mile  runs  south  to 
a  small  lake,  not  shown  on  the  plat,  in  the  S.  W.  i  of  see.  13,  T. 
64—7.  On  the  west  side  of  this  lake  near  tlie  northern  end  there 
is  an  outcrop  of  gabbro  (No.  246);  this  is  finer  than  the  ordinary 
gabbro.  On  the  west  side  of  the  lake  near  the  southern  end  is 
another  outcrop  of  gabbro  (No.  247)  which  seems  to  be  a  decayed 
condition  of  No.  246.  From  the  southern  end  of  this  lake  a  por- 
tage runs  south  for  about  a  third  of  a  mile  and  reaches  Fraser 
lake  in  the  N.  W.  t  of  N.  W.  t  sec.  24,  T.  64-7. 

FBASEB  LAKE. 

Fraser  lake  is  mostly  in  sees.  22,  23  and  24  of  T.  64-7.    On  the 
north  side  of  the  lake  in  the  S.  E.  i  of  S.  W.  t  sec.  14,  T.  64-7 
there  are  several  exposures  of  iron  ore;*  these  were  examined 
rather  carefully.    About  150  yards  north  of  the  shore,  where  it 
is  eat  by  the  line  between  sees.  14  and  23,  is  a  small  pit,  four 
feet  deep.    At  the  bottom  of  this  pit  is  found  quite  a  rich  oli- 
vinitic  iron  ore  (No.  248);  this  disturbs  the  needle  but  slightly 
and  seems  to  be  mostly  menaccanite  rather  than  magnetite.    On 
the  north  this  comes  in  contact  with  a  wall  of  rock  (No.  249)  com- 
posed of  large  crystals  of  hornblende  (?)  that  is  almost  fibrous; 
in  this  there  are  parallel  bands  of  iron  ore  (Nos.  250  and  251) 
which  run  east  and  west  and  dip  south  about  80°.    No.  250  is 
similar  to  the  ore  in  the  pit,  while  No.  251  is  distinctly  a  mag- 
netic quartzyte  and  shows  the  bedHing  plainly.     A  few  rods 
northeast  of  this  pit,  and  at  the  top  of  the  steep  northward  slope, 
is  another  exposure  of  olivinitic  iron  ore  (No.  252);  this  appears 
similar  to  the  ore  in  the  pit,  but  affects  the  needle  very  strongly, 
thus  probably  being  mostly  magnetite.    This  mass  of  iron  ore  at 
its  western  edge  comes  into  direct  contact  with  a  hornblende 
rock  (No.  253)  which  is  a  less  decayed  condition  of  No.  249.  The 
hornblende  rock  is  here  also  in  contact  with  a  fine  ^'muscovado" 
(No.  264)  which  shows  a  few  large  crystal  fiances  of  feldspar,  half 
an  inch  or  more  in  length.    Very  little  of  these  two  rocks  was 
seen  and  their  relation  to  each  other  was  not  determined.    The 
contact  line  is  irregular  and  there  is  no  transition  from  one  to 
the  other,  nor  is  there  any  sign  of  alteration  in  either  rocks  near 
the  contact.    A  few  small  areas  in  this  hornblende  rock  were 
quite  rich  in  iron,  as  shown  by  Nos.  255  and  256,  but  the  limits 
of  these  areas  were  rather  sharply  defined.    The  observations 

^This  is  the  pUee  where  %n  attempt  wes  made  to  mine  for  gold  Bererml  years  ago. 
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were  made  on  a  ridge  which  runs  east  and  west;  it  was  examined 
for  100  yards  on  each  side  of  the  above  mentioned  pit  The 
north  side  of  the  ridge  is  rather  steep  and  at  its  foot  occors  the 
mnsoovado,  here  represented  by  No.  257.  As  far  as  exx>osed  the 
top  of  the  ridge  is  composed  of  the  hornblende  rock  (Nos.  249  and 
253);  this  holds  many  masses  and  bands  of  magnetitic  qaartzyte. 
The  bedding  in  the  qnartzyte  is  usually  very  distinct;  in  all  the 
places  examined  it  runs  east  and  west,  bnt  within  ten  feet  the 
dip  varies  from  the  vertical  to  about  45^  south.  The  masses  of 
iron  ore  where  Nos.  248  and  252  were  obtained  contain  very  lit- 
tle quartz  and  show  no  evidence  of  bedding.  The  line  of  con- 
tact between  the  qnartzyte  and  the  surrounding  rock  is  usoaUy 
distinct  and  very  irregular;  there  was  no  blending  of  the  two 
rocks.  No.  258  *  shows  the  qnartzyte,  and  in  the  specimens  num- 
bered 259  the  bedding  is  plainly  seen.  No.  260  shows  the  con- 
tact of  the  qnartzyte  and  the  surrounding  rock. 

In  the  N.  W.  k  of  N.  E.  i  sec  23,  about  a  quarter  of  a  mile 
west  of  the  previously  described  locality,  is  a  ridge  running  east 
and  west;  this  is  probably  an  eastward  continuation  of  the  ridge 
mentioned  above.  On  the  south  side  near  the  base  of  the  ridge 
and  about  50  feet  from  the  lake  a  rather  fine,  decayed,  gabbro- 
like  rock  (No.  261)  occurs;  this  is  exposed  in  several  places;  it 
has  a  rough  bedded  structure  (the  beds  being  from  6  to  12  indies 
thick)  which  is  nearly  horizontal.  On  the  north  side  of  the 
ridge  and  near  its  foot  is  a  small  exposure  of  iron  ore  (No.  262); 
it  has  a  tendency  to  split  along  parallel  plains  which  are  vertical 
and  run  east  and  west.  Within  ten  feet  of  this  ore  the  qnartzyte 
is  seen.  The  ridge  at  this  place  is  made  of  qnartzyte  which  was 
followed  eastward  for  50  yards,  where  the  ridge  ends  abruptly. 
The  bedding  is  very  nicely  seen  along  the  weathered  surfekoes;  it 
is  caused  by  bands  of  almost  pure  quartz  alternation  with  bauds 
rich  in  magnetite.  Some  of  these  bands  are  shown  by  Nos.  263, 
264  and  265.  Throughout  the  fifty  yards  that  the  qnartzyte  was 
followed,  except  in  one  small  area  where  the  beds  had  been 
broken  and  bent,  the  strike  and  dip  were  constant,  the  former 
being  almost  east  and  west,  and  the  latter  south  75^.  At  the 
eastern  end  of  the  ridge  a  band  two  feet  wide,  of  a  fine  musco- 
vado-like rock  (No.  266)  occurs  interbedded  with  the  qnartzyte; 
this  rock  was  traced  for  over  30  feet;  it  has  a  tendency  to  a  rough 
cleavage  which  is  parallel  with  the  qnartzyte  bedding.    On  tiie 


*No.  288  WM  token  firom  the  quartsyte  near  this ;  it  la  ft  baneb  of  tb«  oryiUIi  of  tbe  bora* 
blende  rook,  bat  they  leem  to  be  moetly  magnetite. 
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south  side  of  the  ridge,  but  not  within  30  feet  of  any  qoail^zyte, 
is  also  found  an  outcrop  of  the  iron  ore  (No.  267)  which  has 
weathered  into  thin  parallel  sheets  conformable  with  the 
quartzyte. 

The  quartzyte  described  at  these  two  localities  on  Fraser  lake 
is  decidedly  like  the  Pewabic  quartzyte.  Evidently  the  gabbro, 
which  covers  this  section  of  country,  has  been  worn  away  and  a 
much  disturbed  portion  of  the  underlying  quartzyte  exposed. 
The  quartzyte  was  not  seen  in  contact  with,  nor  in  fact  near  any 
of  the  ordinary  labradorite  gabbro,  but  this  gabbro  has  been 
seen  on  all  sides  of  it  at  places  usually  less  than  a  mile  distant. 

THOMAS  LAKE. 

This  lake  is  in  sees.  27,  28,  29,  32,  33  and  34  of  T.  64-7,  and 
sees.  5  and  6  of  T.  63-7.  There  is  some  good  white  pine  along 
the  southern  shore  of  the  lake;  several  claim  cabins  were  seen 
here. 

The  iron  ore,  shown  on  the  map  (in  the  15th  annual  report)  as 
occurring  on  the  north  side  of  the  lake  in  sees.  27  and  28,  was 
not  found,  although  the  locality  was  carefully  examined.  The 
only  iron  seen  was  a  small  amount  of  menaccanite  in  the  gab- 
bro (No.  269);  this  specimen  was  found  about  a  quarter  of  a 
mile  north  of  the  lake  in  the  N.  E.  i  of  sec.  28. 

On  the  north  side  of  the  mouth  of  the  little  bay,  which  is  near 
the  centre  of  the  W.  i  of  sec.  27,  there  is  a  bluff  40  feet  high, 
of  muscovado  (No.  270)  holding  irregular  blotches  of  a  light 
colored  feldspar. 

On  the  lake  shore  in  the  N.  E.  i  of  sec.  29,  on  a  little  point 
that  is  about  half  way  between  the  meander  corner  on  the  line 
between  sees.  28  and  29  and  the  stream  that  flows  toward  Ima 
lake,  is  a  low  outcrop  of  rock  (No.  271)  similar  to  the  horn- 
blende rock  found  at  Fraser  lake.  Here  were  many  angular 
fragments  of  quartzyte  (similar  to  the  Pewabic  quartzyte);  one 
specimen  (No.  272)  was  taken  to  show  how  plainly  the  banding 
api^ears  on  a  weathered  surface.  A  few  feet  back  from  the 
shore  is  an  outcrop,  two  feet  high,  of  magnetic  iron  ore  (No. 
273);*  this  is  composed  of  almost  pure  magnetite  with  a  little 
olivine.  This  ore  was  not  seen  in  contact  with  any  other  rock, 
but  it  contains  a  few  of  the  crystals  that  make  up  the  hornblende 

*  This  is  probftbly  the  femgliioua  gabbro  mentioned  in  the  15th  annaal  report,  page  880,  bat 
oo  hammer  marka  were  leen  here.  (It  wia  thia  which  wia  intended  to  be  repreeented  on  the 
m^    K.  H.  W.) 
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rock.  Ko  bedding  coald  be  seen.  On  farther  search  a  low  cat- 
crop  of  qaartzyte,  similar  to  that  seen  at  Fraser  lake,  was  found 
about  50  yards  from  the  shore.  By  pulling  away  the  moss  and 
soil  this  rock  was  exposed  for  twelve  feet.  It  lies  nearly  hori- 
zontal, dipping  south  about  10°.  Nos.  274  and  275  show  this- 
quartzyte.  As  the  shore  at  this  point  is  low  and  there  is  very 
little  rock  exposed,  the  relations  of  the  hornblende  rock,  the 
iron  ore  and  the  quartzyte  could  not  be  determined. 

LAK:^  ALICE. 

From  the  extreme  southwestern  corner  of  Thomas  lake  a  port- 
age, of  less  than  a  quarter  of  a  mile,  leads  southwest  to  Gabiska- 
mak*  lake,  which  is  an  irregular  lake  lying  in  sea  6  of  T.  63-7. 
The  shores  of  this  lake,  except  a  small  portion  at  the  northern 
end,  have  been  burnt  and  are  now  partially  covered  by  bushes 
8  to  10  feet  high.  There  were  many  rock  outcrops  along  the- 
shores;  all  of  those  visited  were  gabbro,  and  the  others  appeared 
to  be  the  same. 

From  the  south  end  of  Oabiskamak  lake  a  portage  of  half  a 
mile  leads  south  to  the  arm  of  Wilder  lake  that  extends  into  the 
S.  B.  t  of  sec.  7,  T.  63-7.  Gabbro  was  seen  in  several  places  on 
the  portage;  also  on  the  west  shore  of  the  arm  of  Wilder  lake. 
The  north  shor^  of  the  Kawishiwi  river  was  examined  from 
Wilder  lake  to  lake  Alice;  no  rock  was  seen  except  gabbro  and 
there  were  many  exposures  of  this.  Between  these  two  lakes- 
both  shores  of  the  river  have  been  burnt  and  are  now  covered 
with  small  birches,  poplars  and  jack  pines. 

Lake  Alice  lies  mostly  in  sees.  9,  10,  15,  16  and  21  of  T.  63-7. 
It  is  four  feet  above  Wilder  lake  and  is  connected  with  it  by 
two  miles  of  river  in  which  there  is  one  fall;  this  is  in  the  N.  E. 
i  of  K.  W.  i  sec.  20,  T.  63-7.  The  Chippewa  name  for  this  lake 
is  Pe-na  sagiagan  or  Partridge  lake.  The  island  crossed  by  the 
line  between  sees.  9  and  16  has  not  been  burnt;  also  the  N.  W. 
i  of  S.  E.  }  sec.  15,  where  there  is  a  claim  cabin  and  some  Norway 
pine.  The  rest  of  the  shore  has  been  burnt  and  is  now  covered 
with  young  birches,  jack  pines,  and  poplars.  From  the  end  of 
the  bay  in  the  N.  W.  }  of  sec.  22  there  is  a  portage  leading  east; 
there  is  also  one,  leading  east,  leaving  the  lake  in  the  K.  W.  i  of 
S.  E.  i  sec.  10.  From  the  extreme  northern  end  of  the  lake  a  short. 


*ThlB  iB  the  Chippewa  name  of  the  lake ;  I  do  not  know  its  meaning. 
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portage  leads  to  a  small  lake^  on  the  south  shore  of  which  the 
gabbro  is  exiK)sed.  Lake  Alice,  and  especially  the  eastern  side, 
was  rather  carefully  examined,  stops  being  made  about  every  200 
or  300  yards  (the  bay  in  the  N.  E.  i  of  sec  9  was  not  entered);  no 
rock  was  found  except  the  ordinary  labradorite  gabbro;  this  was 
seen  in  very  many  places;  Xo.  277  is  a  sample  from  the  S.  E.  i 
of  N.  W.  i  sec  15.  In  one  place  on  the  east  side  of  the  long  bay 
in  sec  15  the  gabbro  (No.  276)  is  of  a  decidedly  pinkish  color; 
the  labradorite  crystals  have  a  pinkish  tinge  and  there  are 
blotches  of  a  very  sofc,  brick-red  mineral,  probably  an  oxide  of 
iron.  Search  was  made  back  from  the  shore  for  more  of  this 
pink  gabbro,  but  none  was  found. 

LAKE  ALICE  TO  lOHHrWlBUlWl  LAKE. 

The  bay  of  Wilder  lake  which  lies  in  sec.  13,  T.  63-8,  was  not 
entered  by  the  survey  two  years  ago;  and  so  it  was  examined  on 
this  trip;  no  rock  was  seen  except  the  gabbro. 

From  Wilder  lake  the  Elawishiwi  river  was  followed  to  the 
little  bay  in  the  N.  W.  i  of  S.  E.  t  sec  3,  T.  62-9;  here  a  por- 
tage of  about  two  miles  was  made  southeast  to  Gull  lake.  There  is 
no  portage  route  thropgh  this  way, — only  a  very  poor  trail  which 
is  Tised  by  the  Indians  in  their  winter  trapping.  On  the  way 
three  ponds  were  crossed;  one  in  the  S.  }  of  sec.  3,  T.  62-9,  one 
in  the  N.  E.  i  of  sec  9,  and  one  on  the  line  between  sees. 
9  and  16; — no  rock  exposures  were  seen  on  these  ponds,  but 
there  were  exposures  of  gabbro  in  the  ]S^;  W.  i  of  sec  10  and  the 
N.  W.  i  of  sec  16. 

Gull  *  lake  is  a  narrow  body  of  water  extending  northeast  and 
southwest  in  sections  16,  17, 19  and  20  of  T.  62-9.  The  shores 
are  closely  covered  with  spruce  and  jack  pine.  The  west  side  of 
the  lake  was  examined;  all  the  rock  seen  was  the  ordinary  gab- 
bro. From  the  southwest  comer  of  this  lake  a  fair  portage,  over 
a  mile  in  length,  leads  southwest  and  reaches  Mishiwishiwi  lake 
where  the  line  between  sees.  24  and  25,  T.  6210  crosses  the 
shore.    Gabbro  occurs  along  this  portage. 

PINE  ISLAND,  VEEMIUON  LAKE. 

A  section  was  made  across  Pine  island,  on  the  line  between 
raoges  15  and  16,  in  order  to  examine  a  hill  of  jasper  reported 

•Tbe  Chlppewft  name  ia  Gaiashk  (0!-ashk)  Mgtigan  or  Gull  lake. 
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to  be  there.  The  writer  crossed  the  island  on  this  line  and 
also  went  west  from  the  line  for  a  mile^  near  the  centre  of  the 
island,  bnt  found  no  jasper  iiill,  nor  any  indications  of  jasper. 
The  rocks  seen  on  the  section  across  the  island  are  given  below. 
At  the  north  side  of  the  island  is  a  hill,  rising  40  feet  above 
the  water;  this  is  made  of  vertical,  rather  siliceous,  sericitic 
schist  (No.  284);  the  strike  is  E.  W  N.  From  this  hill  a  swamp, 
where  there  are  no  rock  exposures,  extends  for  nearly  one-fourth 
of  a  mile  south  of  the  corners  of  T.  62-15. 62-16, 63-15  and  63-16. 
At  the  south  end  of  the  swamp  is  a  low  (six  feet  high)  ridge  of 
sericitic  schist  (No.  285);  strike  E.  20^  N.,  vertical.  Just  north  of 
the  quarter  post  there  are  three  ridges  running  east  and  west. 
The  first  ridge  is  composed  of  a  greenish  rock,  which  on  the  north 
side  of  the  ridge  is  quite  schistose  and  somewhat  sericitic  (No. 
286);  strike  E.  10°  N.,  vertical;  on  the  south  side  the  rock  is 
more  massive  and  graywacke-like  (No.  287).  The  second  ridge 
is  made  of  a  rough  sericitic  schist  (No.  288);  strike  nearly 
east  and  west,  vertical.  No.  289  is  from  the  third  ridge;  it  is 
harder,  greenish,  and  perhaps  somewhat  chloritio.  South  of  the 
quarter  post,  and  about  an  eighth  of  a  mile  from  the  lake,  the 
following  rocks  were  seen;  strike  E.  15^  N.,  vertical.  No.  290, 
light  gray  argillaceous  slate;  Nos.  291,  292  and  293,  coarser  and 
rather  sericitic  conditions  of  the  same;  Nos.294and295,  light  gray 
arigUaceous  slate.  No.  296  shows  a  more  siliceous  condition  of  the 
slate.  At  the  lake  shore  there  are  fine  argillaceous  slates*  (No. 
298) ;  these  vary  from  black  to  gray;  the  slaty  structure  and  the 
black  and  gray  bands  are  parallel;  strike  E.  15°  N.,  and  dip  80° 
to  the  north.  No.  297  shows  the  gray  slate  a  few  feet  from  the 
shore. 

III.      SUMMABY. 

No  generalization  or  theories  would  here  be  in  place,  but  it 
may,  perhaps,  be  admissable  for  the  writer  to  give  a  very  brief  sum- 
mary statement  of  the  bearing  of  some  of  the  &cts  in  the  forego- 
ing notes  upon  the  general  geology  of  the  region  traversed.  The 
following  remarks  relate,  more  or  less,  to  the  great  gabbro 
sheet,  which  covers  so  much  of  that  part  of  Minnesota  north  of 
lake  Superior. 

The^ne  red  syenite,  or  *'red  rock"  of  former  reports,  was 
seen  in  several  places  on  lake  Ida  Belle  in  contact  with  the  gab- 
bro.   In  one  place  (see  fig.  4)  the  gabbro  was  in  contact  with 
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and  i»£U3  unquestionably  overlying  the  syenite;  but  in  other 
places  veins  and  dyke-like  forms  of  what  certainly  appears  to  be 
the  same  syenite  cut  through  the  gabbro.  The  syenite  has  the 
appearance  of  an  eruptive  rock,  and  the  general  impression  left 
on  one,  by  seeing  the  outcrops  on  this  lake,  is  that  the  syenite  is 
of  more  recent  date  than  the  gabbro.  The  two  rocks  are  very 
distinct  and  in  no  place  were  seen  to  grade  into  each  other; 
where  they  were  seen  together  the  contact  was  a  well  defined 
line. 

The  syenite  found  on  the  gabbro  at  Winchell  lake  is  not  the 
same  as  that  just  mentioned. 

The  iron  ore  and  magnetic  quartzyte  (of  which  the  ore  is  a 
part)  found  at  Fraser  and  Thomas  lakes  are  undoubtedly  dis- 
turbed portions  of  the  Animike  beds  now  included  in  the  gab- 
bro. It  is  probable  that  they  have  not  been  moved  far  from  their 
original  position,  and  that,  consequently,  at  this  place  the  gabbro 
sheet  is  of  a  comparatively  small  thickness.  It  seems  that  all  the 
ore  at  this  place  is  from  the  quartzyte  and  that  that  portion 
which  is  but  slightly  magnetic  has  become  charged  with  titanium 
from  the  gabbro.  In  connection  with  this  quartzyte  is  found  a 
X>eculiar  rock  that  is  made  up  of  coarse  and  almost  fibrous  crystals 
of  what  is  probably  hornblende.  This  rock,  as  far  as  the  writer 
knows,  has  been  found  in  this  region  nowhere  except  in  connec- 
tion with  this  quartzyte  and  then  only  when  the  quartzyte  was 
close  to  or  in  contact  with  the  gabbro.  The  quartzyte  south  of 
Birch  lake,  at  Chub  ( Akeley)  lake  and  at  Thomas  and  Fraser  lakes 
also  shows  this. 

IV.    List  of,  and  Notes  on,  the  Typical  Rocks  of  each 
OF  which  26  Specimens  were  CJollected. 

These  specimens  are,  in  many  cases,  from  the  exact  spot  from 
which  the  original  specimens  were  collected  and  described,  the 
writer  having  visited  many  of  these  localities  with  Prof.  Win- 
chell on  two  of  his  trips  through  this  region.  Some  of  the  speci- 
mens from  localities,  not  before  visited  by  the  writer,  may  not 
always  be  exactly  the  same  as  the  original  specimens,  but  they 
are  very  nearly  the  same, — as  near  as  could  be  found  from  the 
notes  given  him.  Only  brief  descriptions  of  many  localities  were 
accessible  in  the  field,  as  the  16th  annual  report  had  not  then 
been  printed. 

Vol.  Ill— 25. 
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After  each  number  tlie  place  where  the  original  dcBcriptioo 
can  be  found,  is  given.* 
Ko.  744,  (84): — Ogishke-Muncie  conglomerate  from  Camper's* 

island,  Ogishke-Muncie  lake;  S.  B.  t  of  S.  W.  }  sec.  23,  T.  65-6, 
The  specimens  were  taken  from  the  southwest  corner  of  the 
island.  They  show  the  matrix  of  the  conglomerate,  with  some- 
times a  few  of  the  smaller  pebbles.  The  specfimens  collected  are 
coarser  and  not  as  green  as  the  original  No.  744.  10th  An.  Bep., 
p.  91. 

ISo.  751:--Hornblende  porphyry,  S.  B.  i  of  sec.  30,  T.  65-6; 
Kekequabic  lake.  'No  specimens  of  this  were  collected,  as  the 
rock  was  not  found  in  place  by  the  writer.  It  is  similar  to  No^ 
1059  (^7),  except  that  the  ground  mass  is  inclined  to  brownish, 
while  No.  1059  is  yellowish  green.  See  No.  1059 10th  An.  Bep., 
p.  92. 

No.  868,  (278): — Green  chloritic  schist  embracing  fragments- 
of  jaspilyte,  north  of  Cady  house,  Tower.    This  rock  evidently - 
grades  into  No.  908  (281).    15th  A|i.  Rep.,  p.  267-^. 

No.  892,  (279): — Rough,  scarcely  banded  jasper,  north  waU 
Stone  mine.  Tower.  Owing  to  changes  in  the  walls  of  the  mine, 
this  rock  was  not  seen  75  feet  below  the  surface;  the  specimens 
collected  were  taken  about  25  feet  below  the  rock  surface.  15th 
An.  Rep.,  p.  256. 

No.  903,  (280): — Red  jasper  with  darker  bands  of  iron  ore; 
Stone  mine.  Tower. 

No.  908,  (281): — Matrix  of  conglomerate  occurring  north  of 
the  Cady  house)  Tower.     15th  An.  Rep.,  p.  269. 

No.  916,  (282): — Breccia,  now  converted  to  hematite  and  a 
floury  white  mineral;  Breitung  mine,  Tower.  15th  An.  Rep., 
p.  250. 

No.  921,  (283):— Blacker  purplish -black  clay  slate,  3.  W.  \ 
of  S.  W.  i  sec.  6,  T.  62-15;  south  shore  of  Pine  island,  Vermilion 
lake,  a  few  feet  east  of  the  line  between  ranges  15  and  16.  See 
notes  on  Pine  island  in  this  report.    15th  An.  Rep.,  p.  303. 

No.  950,  (128): — Siliceous  schist  or  bedded  quartzyte  from 
'^Silver  City,"  N.  B.  i  of  sec.  32,  T.  63-11.  The  specimens 
were  obtained  from  the  shore,  forty  feet  nearer  the  rapids  than 
the  southern  tunnel  is.    15th  An  Rep.,  p.  329. 

No.  954,  (114): — Coarse  gabbro,  east  side  of  Birch  lake.  The 
specimens  were  taken  from  the  same  exposure  from  which  the 

*  These  are  the  numbere  given  by  Prof.  Winchell  in  the  10th,  15th  and  16th  annual  reporta. 
The  numbers  in  parentheses  and  all  under  300  are  those  given  by-  the  writer. 
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original  specimen  came.  In  the  description  (16th  An.  Bep.) 
this  locality  is  given  as  the  N".  W.  i  of  sec.  20,  T.  61-11,  and  in 
the  catalogue  of  rock  samples  as  the  N.  W.  i  of  Sec.  17.  Judg- 
ing from  distances  to  known  points  (this  town  has  not  been 
surveyed)  the  writer  thinks  that  the  N.  W.  }  of  sec.  17  is  the 
right  place.    15th  An.  Rep.,  p.  332. 

No.  958,  (121): — Breccia  of  mica-schist  cemented  by  granite 
from  the  little  point  in  the  N.  E.  i  of  S.  B.  i  sec.  21,  T.  61-12, 
Birch  lake.  Where  the  mica-schist  showed  the  schistose  struc- 
ture to  the  best  advantage,  the  rock  was  too  much  decayed  for 
good  specimens.     15th  An.  Bep.,  p.  333. 

No.  960:— See  No.  1138. 

No.  963,  (123): — Fine-grained  red  syenite,  resembling  the 
**red  rock"  of  Grand  Marais,  from  the  S.  W.  i  of  S.  W.  J  sec. 
24,  T.  61-12,  Birch  lake.  The  specimens  were  collected  just 
east  of  the  line  between  sees.  23  and  24,  and  about  300  feet  back 
from  the  lake  shore.     15th  An.  Bep.,  p.  336. 

No.  979,  (111):— Fine  syenite  from  the  "Palisades,"  N.  W,  i 
of  S.  W.  i  sec.  4,  T.  62-10.  The  specimens  are  from  near  the 
southern  end  of  the  "Palisades"  and  about  20  feet  above  the 
water.  The  rock  varies  some  and  has  an  almost  gneissic  struc- 
ture. The  specimens  collected  represent  the  prevailing  variety; 
this  grades  into  No.  112,  which  is  gray,  and  into  No.  113,  which 
is  coarser.     15th  An.  Bep.,  p.  342. 

No.  989,  (101): — ^Fine  grained,  slightly  micaceous  quartzose 
rock  from  the  south  shore  of  the  Kawishiwi  river  in  the  N.  W.  i 
of  N.  W.  i  sec.  27,  T.  63-10.     15th  An.  Eep.,  p.  352. 

No.  991,  (102): — Gray,  red- weathering  gneissic  rock  from  an 
island  in  the  N.  W.  i  of  N.  W.  i  sec.  27,  T.  63-10,  Kawishiwi 
river.*  The  southern  part  of  the  island  is  composed  of  this  rock, 
but  on  the  central  and  northern  parts  the  rock  has  many  darker 
hornblendic  bands  which  show  very  plainly  on  the  weathered 
Karface  (No.  103).  One  much  darker  hornblendic  band,  about  a 
foot  in  width,  was  seen;  this  (No,  104)  seemed  to  be  distinct 
from  the  others,  which  graded  into  one  another.  No.  991  also 
showed  banding  on  weathered  surfaces.     15th  An.  Bep.,  p.  352. 

No.  994,  (105):— Eeddish  chloritic  syenite;  N.  E.  }  of  N.  W.  J 
sec.  27,  T.  63-10 ;  south  shore  of  Kawishiwi  river.  This  rock  is 
hardly  a  red  syenite  like  the  original  No.  994,  but  in  places  it  is 
reddish, — see  No-.  107,  which  is  similar  to  the  original  No.  994 ; 
not  enough  of  this  reddish  rock  could  be  found  for  the  speci- 
mens.   This  rock  (No.  105)  seems  to  grade  into  No.  108  and 
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Xo.  109 ;  the  latter  has  some  biotite  and  the  exposures  show  a 
rather  distinct  bedding,  while  the  exposures  of  No.  105  do  not. 
Lenticular  pieces  of  a  greenish  chloritic  schist  (No.  110)  are 
found  in  a  few  places  in  No.  105.     15th  An.  Bep.,  p.  353. 

No.  1044,  (85): — Oneissic  (syenitict)  rock,  south  shore  of  the 
little  bay  at  the  southeast  side  of  Kekequabic  lake,  S.  E.  4  of 
S.  W.  }  sec.  2,  T.  64-7.  The  specimens  were  taken  from  the 
only  outcrop,  on  the  south  side  of  this  bay,  where  hammer 
marks  were  seen.  The  rock  contains  many  small  dark  masses, 
apparently  chloritic,  as  shown  by  No.  85 ;  none  of  these  were 
over  an  inch  in  diameter.  In  a  few  places  this  dark  mineral  is 
collected  into  rather  indistinct  vein-like  forms,  but  there  is  no 
marked  contrast  between  these  "veins''  and  the  surrounding 
rock.     15th  An.  Eep.,  p.  361. 

No.  1049,  (87): — Biotite  gabbro,  somewhat  pebbly,  east  side 
of  sec.  4,  T.  64-7,  Kekequabic  lake.  The  water  was  so  high  that 
the  specimens  could  not  be  collected  in  the  bay  in  the  east  side 
of  sec.  4,  so  they  were  taken  from  the  N.  B.  }  of  the  S.  E.  i  of 
sec.  4;  here  the  rock  seems  to  be  the  same  as  in  the  bay.  The 
pebbly  structure  of  the  rock  is  shown  only  where  it  has  been 
water  worn.  At  this  place  the  gabbro  lies  on  some  gray  earthy 
slate.  The  slate  was  down  at  the  water's  edge  and  there  was 
only  a  very  small  area  of  it,  so  not  much  could  be  determined 
concerning  it.  No  abrupt  contact  could  be  seen  between  the  two 
rocks;  there  was  a  transition,  occupying  perhaps  two  feet,  from 
the  gray  earthy  slate  (No.  88),*  through  Nos.  89  and  90,  to  the 
gabbro  (No.  87).   15th  An.  Eep.,  p.  364. 

No.  1050,  (91): — Fine-grained  gabbro  from  the  top  of  the  same 
bluff,  as  from  which  No.  1049  was  taken.  The  specimens  were 
taken  about  35  feet  above  the  water.  N.  E.  i  of  S.  E.  i  of  sec 
4,  T.  64-7,  Kekequabic  lake.     15th  An.  Eep.,  p.  364. 

No.  1059,  (97): — Hornblende  porphyry  from  the  north  shore 
of  Kekequabic  lake,  N.  B.  i  of  sec.  36,  T.  65-7.  Within  a  few 
inches  this  rock  varies  much,  the  hornblende  crystals  becoming 
smaller  and  fewer  in  number  and  sometimes  almost  wanting,  as 
shown  by  the  small  specimen  (No.  97).  The  rock  is  very  har& 
and  tough  and  rings  like  iron  when  struck  by  the  hammer;  it 
frequently  contains  crystals  of  iron  pyrites.  See  No.  751.  15th 
An.  Eep.,  p.  367. 

No.  1068,  (70):— Doleryte,  from  N.  B.  i  of  sec.  24,  T.  65-6; 
about  a  quarter  of  a  mile  southeast  from  the  shore  of  Ogishke- 
Muncie  lake.    This  rock  contains  considerable  of  a  pinkish  min- 
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eral  (probably  calcite);  this  mineral  also  Occars  in  small  veins 
or  fissures  in  the  rock,  shown  by  No.  71.  15th  An.  Rep.,  p.  371; 
also,  16th  An.  Bep.,  p.  95--6. 

No.  1073,  (69): — Coarse-jointed  massive  rock,  apparently 
igneous,  month  of  Ogishke-Muncie  creek,  N.  B.  i  of  S.  E.  i  sec. 
26,  T.  65-6;  Ogishke-Muncie  lake.  This  rock  overlies  the  fol- 
lowing, which  see.  In  some  places  the  rock  has  cherty  spots,  as 
shown  in  the  smaller  specimen  (No.  69),  probably  pieces  of  the 
slate  (No.  1074).     15th  An.  Rep.,  p.  372. 

No.  1074,  (68): — Fissile  black  slate,  baked  and  closely  jointed, 
mouth  of  Ogishke-Muncie  creek,  N.  B.  J  of  S.  E.  i  sec.  26,  T. 
65-6;  Ogishke-Muncie  lake.  No  specimens  conld  be  obtained  at 
the  contact  with  the  overflowing  rock  (see  above.  No.  1073),  as 
here  the  slate  was  mnch  broken;  the  specimens  collected  are 
from  the  point  made  by  the  creek  and  the  lake  shore,  which 
point  is  but  a  few  yards  west  of  No.  1073.  At  this  pla^  the 
slate  plainly  dips  20°  S.  of  B.  at  an  angle  of  about  80°.  No.  68A 
was  obtained  just  below  the  contact,  while  No.  68  B  is  from  a 
piece  of  the  slate  included  in  the  overlying  rock.  The  slate  has, 
in  places,  a  decidedly  conchoidal  fractnre  as  shown  by  No.  680. 
The  weathered  surfaces  on  the  specimens  marked  68  show  an 
apparently  sedimentary  banding  which  is  parallel  with  the  slaty 
Rtrncture.     15th  An.  Rep.,  p.  372. 

No.  1094,  (86): — Gray  porphyritic  rock,  representing  an  altered 
conglomerate,  from  the  point  which  has  the  corners  of  sees.  29, 
30,  31,  and  32,  T.  65-6;  north  shore  of  Kekeqnabic  lake.  The 
specimens  were  taken  from  the  southeast  side  of  the  point,  or  in 
the  N.  W.  i  of  N.  W.  i  sec.  32,  T.  65-6.  No.  86  shows  a  small 
one  of  the  greenish  nodules  or  pebbles.  15th  An.  Rep.,  p.  368; 
16th  An.  Rep.,  p.  100. 

No.  1098,  (96): — Conglomeritic  chlorite  schist,  from  the  north 
shore  of  Kekeqnabic  lake  where  it  is  crossed  by  the  line  between 
T.  65-6  and  65-7.  The  small  amount  of  the  rock  left  uncovered  by 
the  porphyry  and  its  decayed  condition  made  it  rather  difficult 
to  get  good  specimens.     15th  An.  Rep.,  p.  367. 

No.  1100,  (93):— Reddish  syenite,  island  in  sec.  3,  T.  64-7, 
Eekeqaabic  lake.  No.  1100  is  described  from  the  most  westerly 
island  in  the  lake,  but  this  island,  which  is  just  east  of  the  point 
in  the  S.  W.  i  of  N.  W.  i  of  sec.  3,  is  small  and  low  and  is  made 
np  of  a  condition  of  the  green  chlorite  schist  (No.  94);  the  small 
island,  just  northeast  of  the  last,  seems  to  have  no  rock  in  place, 
but  along  the  shore  are  many  fragments  of  feldspar  porphyry 


198  SEVENTEENTH  ANNUAL  REPORT 

CSo.  95).  The  specimens  (No.  1100)  were  taken  from  a  larger 
island  in  the  S.  R  i  of  N.  W.  }  sec.  3,  just  west  of  Animike 
island.     15th  An.  Eep.,  p.  362. 

No.  1109,  (100):— Felsitic  schist,  from  the  portage  from  Fall 
lake  to  Newton  lake,  S.  W.  }  of  sec.  3,  T.  63-11.  The  specimens 
were  collected  from  the  south,  or  Fall  lake,  end  of  the  portage. 
15th  An.  Rep.,  p.  356. 

No.  1128,  (129):— **Gabbro"  cut  by  intrusive  syenite;  N. 
W.  i  of  S.  B.  i  sec.  6,  T.  62-11,  White  Iron  lake.  See  Na  1 129, 
15th  An.  Rep.,  p.  331. 

No.  1129,  (130):— Intrusive  granite  (syenite),  N.  W.  J  of  S.  R 
i  of  sec.  6,  T.  62-11,  White  Iron  lake.  Nos.  1128  and  1129  are 
from  the  place  fri^om  which  Di*.  Wadsworth  took  the  original 
specimens.  The  ^^gabbro"  is  not  similar  to  the  ordinary  labra- 
dorite  gabbro;  it  is  perhaps  a  biotitic  diabase.  No.  131  is  the 
syenite  taken  from  a  dike  in  the  diabase.  No.  1129  (130)  is,  I 
think,  a  fair  sample  of  the  syenite  found  about  White  Iron  lake. 
15th  An.  Eep.,  p.  331. 

No.  1132,  (127): — Black  hornblende  gneiss,  east  shore  of 
White  Iron  lake,  just  south  of  the  line  between  sees.  6  and  7  of 
T.  62-11.  A  set  of  specimens  could  not  be  obtained,  as  the 
gneiss  only  occurred  in  small  masses  in  the  syenite  and  here  the 
surface  was  worn  smooth  by  glaciation.  No.  127  shows  the  con- 
tact between  the  gneiss  and  the  syenite.     15th  An.  Bep.,  p.  331. 

No.  1134,  (124): — Micaceous  *^gabbro,"  or  rather  biotite 
hornblende  schist,  cut  by  veins  of  granite  (syenite);  N.  W.  i  of 
S.  E.  \  sec.  12,  T.  62-12,  east  side  of  White  Iron  lake.  The 
specimens  were  collected  from  the  place  where  Dr.  Wadsworth 
obtained  the  original  ones.  About  70  yards  west  of  this  place  is 
the  outcrop  described  by  Dr.  Alex.  Winchell  in  the  16th  annual 
report  (see  p.  77,  halt  211).  Here  the  hornblende  schist  is  rep- 
resented by  No.  125,  and  the  granite  by  No.  126.  Theee  two 
outcrops  are  connected  by  a  ridge,  in  which  the  rock  is  not  ex- 
posed, but  the  schist  found  at  the  east  end  (No.  124)  is  probably 
the  same  as  that  at  the  other  end  (No.  125).  15th  An.  Bep.,  p. 
331.     . 

No.  1137,  (122): — Fine-grained  gabbro,  looking  like  diabase, 
from  a  point  a  short  distance  west  of  the  line  between  sees.  24 
and  25,  T.  62-12;  north  shore  of  Birch  lake.  This  seems  to  be  a 
finer-grained  condition  of  the  ordinary  labradorite  gabbro.  The 
specimens  were  obtained  from  the  west  side  of  the  little  bay  in 
the  S.  E.  i  of  S.  W.  }  sec.  24.     15th  An.  Bep.,  p.  332. 
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'So.  1138.  Ferraginoas  olivine  rock,  about  15  rods  from  the 
fihore;  S.  B.  i  of  B.  W.  i  see.  24,  T.  62-12;  Birch  lake.  No  speci- 
mens of  this  were  collected^  as  a  set  of  25  (No.  960)  .was  col- 
lected in  1886.  It  is  a  part  of  the  great  quartzyte  formation 
<  Animike)  lying  along  the  southern  side  of  the  Oiant's  range. 
15th  An.  Bep.,  pp.  332  and  335. 

No.  1278,  (8): —  Kewatin- schist,  mouth  of  the  creek,  east  end 
of  the  long  bay,  north  side  of  Gunflint  lake.  This  is  the  most 
eastern  exposure  of  the  Kewatin  on  Gunflint  lake.  The  rock  at 
the  shore  was  so  cracked  and  broken  that  only  four  specimens 
were  collected;  these  are  marked  1,278  A  (8 A).  The  rest  of 
the  specimens  were  taken  from  a  low  outcrop  about  10  rods  back 
from  the  shore;  the  schist  here  is  similar  to  that  at  the  shore,  but 
is  not  so  much  decayed  and  is  apparently  more  siliceous.  16th 
An.  Bep.,  p.  67. 

No.  1282,  (9)^ — Gray  gneissoid  rock,  slightly  porphyritic; 
shore  of  the  long  bay,  north  side  of  Gunflint  lake.  The  speci- 
mens collected  do  not  answer  exactly  to  the  description,  but 
they  are  a  part  of  the  same  rocks.     16th  An.  Bep.,  p.  68. 

No.  1283,  (10):— Porphyrel;  bluffnorth  shore  of  Gunflint  lake. 
The  specimens  were  taken  from  a  vertical  cliff  on  the  lake  shore, 
about  three-fourths  of  a  mile  west  of  the  east  end  of  the  long 
bay.     16th  An.  Bep.,  p.  68. 

No.  1312,  (60): — Fine-grained  trap,  from  the  west  side  of  the 
nari-ows  of  Gunflint  lake;  S.  E.  \  of  N.  W.  \  of  sec.  19,  T.  65-^. 
In  places  this  trap  holds  crystals  of  feldspar  which  sometimes  are 
an  inch  long. 

No.  1316,  (46): — Syeni tic  gneiss  from  the  north  side  of  Black- 
fly  bay,  Gunflint  lake.     16th  An.  Bep.,  p.  73. 

No.  1318,  (61): — Diabase  dike  in  the  syenite,  first  falls  of 
Gunflint  river,  north  of  Gunflint  lake.  See  this  report  under 
Gunflint  lake. 

No.  1340,  (43): — Purplish -gray,  vitreous  quartzyte  (Pewabic 
quartzyte),  J  mile  west  of  the  ore  pit,  Chub  lake;  N.  E.  i  of  sec. 
29,  T.  65-4.     16th  An.  Bep..  p.  85. 

No.  1371,  (72):— **  Marble"  from  east  side  of  Ogishke-Muncie 
lake;  N.  E.  1  of  sec.  24,  T.  65-6.  The  place  where  the  speci- 
mens were  collected  is  probably  where  the  section  (p.  371,  15th 
An.  Bep.)  was  made.  No.  73  shows  a  softer,  more  schistose  por- 
tion of  No.  72.  No.  74  are  some  of  the  angular  pieces  included 
in  No.  72.  No.  75  shows  a  soft  greenish  (probably  talc)  mineral 
found  in  the  ''  marble ''(No.  72).  16th  An.  Bep.,  pp.  95  and  96; 
:also,  under  No.  1069,  15th  An.  Bep.,  p.  371. 
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No.  1409,  (92): — CUoritic  schist  from  the  small  island  near 
the  north  shore  and  just  west  of  the  narrows  of  Kekequabic  lake. 
This  island  is  in  the  N.  W.  i  of  N.  B.  i  sec.  36,  T.  65-7;  there  is 
a  much  smaller  island  just  east  of  it  and  also  one  north  of  it. 
16th  An.  Eep.,  p.  102. 

No.  1428,  (98);— Dark  siliceous  slate,  from  the  B.  i  of  N.  E.  } 
sec.  28,  T.  65-7;  Knife  lake.  This  slate  varies  from  grayish  to 
black;  the  specimens  collected  are  gray,  as  this  colored  rock 
made  up  most  of  the  point.    16th  An.  Sep.,  p.  109. 

No.  1436,  (99); — Micaceosyenitic  gneiss,  from  Opinin  island,. 
Basswood  lake.  This  island  is  in  sec.  10  (probably  N.  B.  }  of  S. 
W.  i),  T.  64-10.     16th  An.  Eep.,  p.  110. 

Twenty-five  specimens  of  the  conglomeritio  syenite  from  Saga- 
naga  lake  were  also  collected.  The  writer  numbered  these  66.  No^ 
67  shows  thesyenite*  This  rock  is  described  by  Dr.  Alex.  Winchell 
in  the  16th  An.  Kep.,  pp.  219-222,  and  p.  334;  also  in  the  Ameri- 
can G-eologist,  vol.  Ill,  No.  3,  p.  153. 

V.    Barometrical  Blevations. 

On  the  trip  from  Gunflint  lake  south  to  Brul6  lake  and  north 
to  Ogishke-Muncie  lake  the  elevation  of  each  lake  was  noted 
from  readings  of  an  aneroid  barometer.  The  following  table 
gives  the  elevation  of  each  lake  above  lake  Superior  and  also 
above  the  sea  level.  The  elevation  of  Gunfiint  lake  (the  start- 
ing point)  above  lake  Superior, — 1,052  feet, — is  taken  from  the 
9th  An.  Bep.,  p.  81.  The  highest  water  noted  is  Lost  lake  which 
is  1,427  feet  above  lake  Superior,  or  2,029  feet  above  the  sea. 

Feet  above      Feetabore 
lake  Saperior.        Uie  sea^ 

Gunflint  lake ^ 1052  1664 

Loon  lake  (195  ft.  above  Gunflint  lake), 1247  1849 

Mayhew  lake  (110  feet  above  Loon  lake), 1357  185a 

Iron  lake  (same  hight  as  Majhew  lake), 1357  1859 

Portage  lake  (25  ft.  above  Iron  lake), 1382  1984 

Poplar  lake  (20  ft.  below  Portage  lake), 1362  1964 

Straight  lake  (25  ft.  below  Poplar  lake), 1337  1939^ 

Caribou  lake  (10  ft.  below  Straight  lake), 1327  1929- 

Meed's  lake  (10  ft.  above  Caribou  lake), 1337  1939 

North  BruM  lake  (20  ft.  below  Caribou  lake), 1307  1909 

Stray  lake  (30  ft  above  North  Btu16  lake), 1337  1937 

Gaskanas  lake  (15  ft;,  above  Stray  lake), 1352  195i 

WincheU  lake  (30  ft.  above  Gaskanas  lake) 13^  1984 

Sham  lake  (15  ft.  above  WincheU  lake), ..1397  1999i 
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Feet  above       Feet  above- 
lake  Superior.       the  sea. 

Lo3t  lake  (30  ft.  above  Sham  lake), 1427  2029- 

Brul^  lake  (75  ft.  below  Lost  lake), 1352  1954 

Lake  Georgia  (6  ft.  below  Brul€  lake), 1346  1948 

Surveyor's  lake  (1  ft.  above  lake  Georj^ia), 1347  1949 

Found  lake  (same  bight  as  Surveyor's  lake), 1347  1949 

Lake  Ida  Belle  (30  ft.  below  Found  lake), 1317  1919 

Narrow  lake  (15  ft.  below  lake  Ida  Belle), 1302  1904 

Kiakadlnna  lake  (25  ft.  below  Narrow  lake), 1277  1879 

Bound  lake  (60  ft  below  Kiskadinna  lake), 1217  1819^ 

Draper  lake  (35  ft.  above  Round  lake), 1252  1854 

Lake  No.  1  (40  ft.  above  Draper  lake), 1292  1894 

Lake  No.  2  (same  hight  as  lake  No.  1), 1292  1894 

Lake  No.  3  (15  ft.  above  lake  No.  2), 1307  1909 

Lake  No.  4  (40  ft.  above  lake  No.  3), 1347  1949 

Lake  No.  5  (same  hight  as  lake  No.  4), 1347  1949^ 

Lake  No.  6  (25  ft.  below  lake  No.  5), 1322  1944 

Flying  Cloud  lake  (30  ft.  below  lake  No.  6), 1292  1894 

Kakego  lake  (65  ft.  below  Flying  Cloud  lake), 1227  1829 

Clothes  Pin  lake  (60  ft.  below  Kakego  lake), 1167  1769 

Gabemlchigama  lake  (20  ft.  below  Clothes  Pin  lake), 1147  1749 

Agamok  lake  (3  ft.  below  Gabemichigama  lake), 1144  1746 

Fox  lake  (30  ft.  below  Agamok  lake), 1114  1716 

Ogishke-Munde  lake  (60  ft.  below  Fox  lake), 1054  *1656 

Wilder  lake, 1102  tl704 

Lake  Alice  (4  ft.  above  Wilder  lake), 1106  1708 

VI.  Catalogue  of  Eock  Samples  to  Illustrate  the 
Foregoing  Notes  j  Collected  by  Uly.  S.  Grant  During 
the  Summer  of  1888. 

Most  of  these  rock  samples  are  of  mnseam  size;  and  in  many 
cases  more  than  one  specimen  was  collected,  to  represent  a  cer- 
tain number.  This  is  especially  true  of  the  iron  ores,  of  each  of 
which  several  pieces  were  taken  for  analysis.  The  samples  have 
been  deposited  in  the  rooms  of  the  survey.  They  are  numbered 
from  1  up  to  298,  inclusive;  the  figures  are  green, — parts  green 
and  shellac  dissolved  in  alcohol  being  used;  after  each  number 
the  letter  G  is  placed. 

Nos.  132-146,  inclusive,  were  placed  on  an  island  which  wa& 
soon  after  overrun  by  a  fire,  and  all  the  labels  destroyed  and  the 
specimens  discolored.  These  specimens  have  not  been  pre- 
served: 


•From  figures  in  the  9th  Ad.  Rep.,  P**84,  Ogiahke-Muncie  lake  is  1,611  ft.  above  the  sea;  and 
ftom  the  16th  An.  Hep.,  p.  384,  it  is  1,607  ft.  above  the  sea. 

tlSth  An.  Rep.,  p.  384. 
Vol  III.— 26. 
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1.  Magnetic  iron  slate  and  jasper,  N.  }  of  sec.  33,  T.  66-6; 
Ottertrack  lake;  80  rods  south  of  the  lake  shore.    P.  151. 

2.  Same  as  Ko.  1.     P.  161. 

3.  Magnetic  Iron  slate  and  jasper,  N.  E.  i  of  N.  W.  }  sec  27, 
T.  66-6  (if  the  U.  S.  sections  were  extended  northward);  north 
shore  of  Ottertrack  lake.     P.  151. 

4.  Graywacke-like  rock  north  shore  of  Ottertrack  lake,  just 
west  of  Ko.  3.     P.  151. 

5.  Oraywackelike  rock,  north  shore  of  Ottertrack  lake,  just 
■east  of  No.  3.     P.  151. 

6.  Coarse  syenite,  small  island  in  the  S.  E.  i  of  S.  E.  i  sec. 
13,  T.  65-4;  Gunflint  lake.     P.  152. 

7.  Hornblende  schist  in  syenite;  same  locality.     P.  152. 

8.  Sericitic  schist,  at  the  shore  near  the  east  end  of  the  long 
bay  on  the  north  side  of  Ounflint  lake.  Same  as  'So.  1278  (N. 
H.W.).     P.  199. 

8A.    Same  as  No.  8,  but  apparently  more  siliceous.     P.  199. 

9.  Gray  gneissic  rock,  almost  porphyrel;  north  shore  of  the 
long  bay  on  the  north  side  of  Gunflint  lake.  Same  as  No.  1282 
<N.  H.  W.).    P  199. 

10.  Porphyrel,  on  the  shore  about  three-fourths  of  a  mile  west 
of  the  east  end  of  the  long  bay  on  the  north  side  of  Gunflint 
lake.    Same  as  No.  1283  (N.  H.  W.).     P.  199. 

11.  Sericitic  schist,  north  shore  of  Gunflint  lake;  section  L 
P.  152. 

12.  Earthy  schist,  north  of  Gunflint  lake;  section  I.     P.  153. 

13.  Pine  porphyrelloid  rock,  north  of  Gunflint  lake;  section 
1.     P.  153. 

14.  A  coarser  condition  of  13,  north  of  Gunflint  lake;  section 
I.     P  153. 

15.  A  flner  condition  of  13,  north  of  Gunflint  lake;  section  I. 
P.  153. 

16.  Black  slate,  north  of  Gunflint  lake;  section  I.     P  153. 

17.  Trap  rock,  north  of  Gunflint  lake;  section  I.     P  153. 

18.  Fine  trap  from  outer  edge  of  dike,  north  of  Gunflint  lake; 
•section  I.     P  153. 

19.  Trap  from  centre  of  same  dike,  north  of  Gunflint  lake; 
section  I.     P  153. 

20.  Sericitic  schist,  north  of  Gunflint  lake;  section  I.     P  153. 

21.  Black  slate,  north  of  Gunflint  lake;  section  I.     P  153. 

22.  Fine  gabbro,  north  of  Gunflint  lake;  section  I.     P.  153« 

23.  Black  slate,  north  of  Gunflint  lake;  section  T.     P.  153. 
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24.  Porphyrel,  north  of  Gunflint  lake;  sectioii  I.     P.  15i. 

25.  Gray,  somewhat  micaceous  schist;  north  of  Gunflint  lake; 
section  I.     P.  154. 

26.  Hornblende  schist,  north  of  Gunflint  lake;  section  I.  P. 
154. 

27.  Hornblende  schist,  north  of  Gunflint  lake;  section  I.  P. 
154. 

28.  Mica-schist,  north  of  Gunflint  lake;  section  I.     P.  154. 

29.  Feldspathic  schist,  north  of  Gunflint  lake;  section  I.  P. 
154. 

30.  Hornblende  schist,  north  of  Gunflint  lake;  section  I.  P. 
154. 

31.  Hornblende  schist,  north  of  Gunflint  lake;  section  I.  P. 
154. 

32.  Mica-schist,  north  of  Gunflint  lake;  section  I.    P.  154. 

33.  Hornblende  schist,  north  of  Gunflint  lake;  section  I.  P. 
154. 

34.  Syenitic  gneiss,  north  of  Gunflint  lake;  section  II.  P.  155. 

35.  Hornblende  schist  inclosed  in  gneiss,  north  of  Gunflint 
lake;  section  11.    P.  156. 

36.  Trap  from  dike  in  gneiss,  north  of  Gunflint  lake;  section 
n.     P.  156. 

37.  Magnetitic  portion  of  this  dike,  north  of  Gunflint  lake; 
sedtion  II.     P.  156. 

38.  Gray  earthy  slate,  north  of  Gunflint  lake;  section  II. 
P.  157. 

39.  Porphyrel,  north  of  Gunflint  lake;  section  II.     P.  157. 

40.  Schistose  dike  rock,  north  of  Gunflint  lake;  section  11. 
P.  157. 

41.  Finer  portion  of  No.  40,  north  of  Gunflint  lake;  section 
n.     p.  157. 

42.  Porphyrel  inclosed  in  dike,  north  of  Gunflint  lake;  sec- 
tion II.     P.  157. 

43.  Purplish-gray,  vitreous  quartzyte  (Pewabic  quartzyte); 
N.  B.  i  of  sec.  29,  T.  65-4,  Chub  lake.  Same  as  No.  1340  (N.  H. 
W.).     P.  199. 

44.  Magnetic  iron  ore  from  the  pit  at  Chub  lake,  N.  E.  i  of 
Sec.  29,  T.  65-4.     P.  160. 

45.  Quartzyte  core  from  drill;  Chub  lake,  N".  E.  \  of  sec.  29, 
T.  65-4.     P.  160. 

46.  Syenitic  gneiss  from  the  north  side  of  Blackfly  bay, 
Gunflint  lake.    Same  as  No.  1316  (N.  H.  W.).    P.  199. 
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47.  Gray,  red-weathering  schist,  north  shore  of  Gunflinfc 
lake;  section  III.     P.  157. 

48.  Black  flinty  slate,  north  of  Gunflint  lake;  section  III. 
P.  157. 

49.  Sericitic  schist,  north  of  Gnnflint  lake;  section  III. 
P.  157. 

50.  Grabbro,  north  of  Gunflint  lake;  section  III.     P.  157. 

51.  Hornblende-feldspar  schist,  north  of  Gunflint  lake;  sec- 
tion III.     P.  158. 

52.  Hornblende  schist,  north  of  Gunflint  lake;  section  in. 
P.  158. 

53.  Mica-schist,  north  of  Gunflint  lake;  section  III.     P.  158. 

54.  Hornblende  schist,  north  of  Gunflint  lake;  section  III. 
P.  158. 

55.  Very  coarsely-crystalline  hornblende  schist,  north  of 
Gunflint  lake;  section  III.     P.  158. 

56.  Same  as  55,  north  of  Gunflint  lake;  section  III.     P.  158. 

57.  Beddish  syenite,  north  of  Gunflint  lake;  section  III.  P. 
158. 

58.  Syenitic  gneiss,  north  of  Gunflint  lake;  section  HI.  P. 
158. 

58A.  Same  as  58,  but  showing  the  gneissic  structure  better; 
north  of  Gunflint  lake;  section  in.     P.  158. 

59.  Syenitic  gneiss,  north  of  Gunflint  lake;  section  III.  P. 
158. 

60.  Fine-grained  trap,  from  the  west  side  of  the  narrows  of 
Gunflint  lake;  S.  B.  J  of  liT.  W.  i  sec.  19,  T.  65-3.    Same  as  No. 
1312  (K  H.  W.).     P.  199. 

61.  Diabase  from  dike  in  syenite,  flrst  falls  of  Gunflint  river 
north  of  Gunflint  lake.    Same  as  No.  1318  (N.  H.  W.).     P.  160. 

61  A.     Fine  condition  of  No.  61.     P.  160. 

62.  Syenitic  gneiss,  first  falls  of  Gunflint  river  north  of  Gun- 
flint lake.     P.  160. 

63.  A  condition  of  No.  61.     P.  161. 

64.  A  condition  of  No.  61,  showing  pitted  surface.     P.  161. 

65.  Hornblende  schist  in  No.  62;  first  falls  of  Gunfiint  river 
north  of  Gunflint  lake.     P.  161. 

66.  Conglomeritic  syenite  from  Saganaga  lake.     P.  200. 

67.  Syenite,  Saganaga  lake.     P.  200. 

68.  Black  slate,  mouth  of  Ogishke-Muncie  creek,  N.  E.  i  of 
S.  E.  J  sec.  26, ^T.  65-6;  Ogishke-Muncie  lake.  Same  as  No. 
1074  (N.  H.  W.).     P.  197. 
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68A.     Broken  condition  of  Ko.  68.     P.  197. 

68B.     Portion  of  No.  68  included  in  No.  69.     P.  197. 

68  C.     Showing  conchoidal  fracture  of  No.  68.     P.  197. 

69.  Coarse-jointed  massive  rock,  apparently  igneous,  mouth 
of  Ogishke-Muncie  creek,  N.  E.  i  of  S.  E.  ^  sec.  26,  T.  66-6; 
Ogishke-Muncie  lake.    Same  as  No.  1073  (N.  H.  W.).     P.  197. 

70.  Doleryte,  about  a  quarter  of  a  mile  southeast  from  the 
shore  of  Ogishke-Muncie  lake;  N.  E.  i  of  sec.  24,  T.  65-6.  Same 
as  No.  1068  (N.  H.  W.).    P.  196. 

71.  Calcite  from  veins  in  No.  70. 

72.  "Marble"  from  east  side  of  Ogishke-Muncie  lake;  N.  B. 
i  of  sec.  24,  T.  65-^.     Same  as  No.  1371  (N.  H.  W.).     P.  199. 

73.  Softer  and  more  schistose  portion  of  No.  72.    P.  199. 

74.  Angular  siliceous  pieces  in  No  72.     P.  199. 

76.     Portion  of  No.  72  showing  a  soft  greenish  mineral. 

76.  Gray  quartzyte,  S.  E.  i  of  N.  E.  }  sec.  24,  T.  65-6; 
Ogishke-Muncie  lake.     P.  161. 

77.  Black  slate,  S.  E.  i  of  N.  E.  i  sec.  24,  T.  66-6;  Ogishke- 
Muncie  lake.     P.  161. 

78.  Siliceous  band  in  No.  76.     P.  162, 

79.  Transition  rock  from  No.  78  to  No.  82.     P.  162. 

80.  Transition  rock  from  No.  78  to  No.  82.     P.  162. 

81.  Transition  rock  from  No.  78  to  No.  82.     P.  162. 

82.  Eock  composed  mostly  of  calcareous  or  dolomitic  mat- 
ter; S.  E.  i  of  N.  E.  i  sec.  24,  T.  66-6;  Ogishke-Muncie  lake. 
P.  162. 

83.  Part  of  Ogishke-Muncie  conglomerate;  S.  E.  J  of  N.  E.  i 
sec.  24,  T.  65-6;  Ogishke-Muncie  lake.     P.  162.. 

84.  Matrix  of  Ogishke-Muncie  conglomerate;  from  Camper's 
Island,  S.  B.  i  of  S.  W.  i  sec.  23,  T.  65-6;  Ogishke-Muncie  lake- 
Same  as  No.  744  (N.  H.  W.).     P.  194. 

86.  Gneissic  (syeniticf)  rock,  south  shore  of  the  little  bay  at 
the  southeast  corner  of  Kekequabic  lake;  S.  E.  i  of  S.  W..  i  sec. 
2,  T.  64-7.     Same  as  No.  1044  (N.  H.  W.).     P.  196. 

86.  Gray  porphyritic  rock,  from  the  point  which  has  the  cor- 
ners of  sees.  29,  30,  31,  and  32,  T.  65-6;  Kekequabic  lake.  Same 
as  No.  1094  (N.  H.  W.).     P.  197. 

87.  Biotite  gabbro,  N.  E.  i  of  S.  E.  i  sec.  4,  T.  64-7;  Keke- 
quabic lake.     Same  as  1049  (N.  H.  W.).    P.  196. 

88.  Gray  earthy  slate,  N.  B.  i  of  S.  E.  i  sec.  4,  T.  64-7 ;  Keke- 
quabic lake.     P.  196. 

89.  Transition  from  the  slate  (No.  88)  to  the  gabbro  (No.  87). 
P.  196. 
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90.  Transition  from  the  slate  (No.  88)  to  the  gabbro  (No.  87). 
P.  196. 

91.  Finegrained  gabbro,  from  the  top  of  the  blufffrom  which 
No.  87  was  taken  5  N.  B.  i  of  S.  E.  i  sec.  4,  T.  64-7;  Kekeqaabic 
lake.     Same  as  No.  1050  (N.  H.  W.).     P.  196. 

92.  Chlorite  schist,  N.  W.  }  of  N.  E.  i  sec.  36,  T.  65-7;  Keke- 
quabic  lake.     Same  as  No.  1409  (N.  H.  W.).     P.  168. 

93./  Eeddish  syenite,  from  an  island  in  Kekequabic  lake;  S» 
E.  i  of  N.  W.  i  sec.  3,  T.  64-7.  Same  as  No.  1100  (N.  H.  W.). 
P-  197. 

94.  A  condition  of  the  green  chlorite  schist,  from  island  in 
the  S.  W.  i  of  N.  W.  i  sec.  3,  T.  64^7;  Kekequabic  lake.  P. 
197. 

95.  Feldspar  porphyry,  from  an  island  just  northeast  of  the 
last;  S.  W.  i  of  N.  W;  J  sec.  a,  T.  64-7;  Kekequabic  lake.  P. 
198. 

96.  Oonglomeritic  chlorite  schist,  from  the  north  shore  of 
Kekequabic  lake  where  it  is  crossed  by  the  line  between  T.  65-6 
and  T.  65-7.     Same  as  No.  1098  (N.  H.  W.).     P.  197. 

97.  Hornblende  porphyry,  from  the  north  shore  of  Kekequa- 
bic lake;  N.  E,  i  of  sec.  36,  T.  65-7.  Same  as  No.  1059  (N.  H. 
W.).     P.  196. 

98.  Gray  siliceous  slate,  from  Knife  lake;  E.  i  of  N.  E.  i  sec. 
28,  T.  65-7.     Same  as  No.  1428  (N.  H.  W. ).     P.  200. 

99.  Micaceo-syenitic  gneiss,  from  Opinin  island,  Basswood 
lake;  sec.  10,  T.  64-10.     Same  as  No.  1436  (N.  H.  W.).     P.  200. 

100.  Felsitic  schist,  from  the  south  end  of  the  portage  from 
Fall  lake  to  Newton  lake;  S.  W.  1  of  sec.  3,  T.  63-11.  Same  as 
No.  1109  (N,  H.  W.).     P.  198. 

101.  Fine  grained,  slightly  micaceous,  quartzose  rock;  south 
shore  of  Kawishiwi  river;  N.  W.  i  of  N.  W.  i  sec  27,  T.  63-10. 
Same  as  No.  989  (N.  H.  W.).     P.  195. 

102.  Gray,  red-weathering,  gneissic  rock,  from  an  island  in 
the  N.  W.  i  of  N.  W.  \  sec.  27,  T.  63-10;  Kawishiwi  river. 
Same  as  No.  991  (N.  H.  W.).    P.  195. 

103.  Hornblendic  band  in  No.  102.    P.  195. 

104.  Hornblendic  band  in  No.  102.     P.  195. 

105.  Reddish  chloritic  rock,  N.  R  i  of  N.  W.  i  sec.  27,  T. 
63-10;  south  shore  of  Kawishiwi  river.    P.  195. 

106.  Hornblendic  gneiss,  N.  E.  i  of  sec.  27,  T.  63-10;  south 
shore  of  Kawishiwi  river.     P.  195. 

107.  Reddish  chloritic  syenite,  N.  E.  i  of  N.  W.  \  sec.  27,  T. 
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63-10;  south  shore  of  Kawishiwi  river.    Same  as  No.  994  (N.  H. 
W.).    P.  195. 

108.  Quartzose  schist,  grading  into  No.  105;  same  locality.  P. 
196. 

109.  Quartzose  schist,  with  some  biotite;  same  locality.  P.  196. 

110.  Chloritic  schist  in  No.  105;  same  locality.     P.  196. 

111.  Fine  syenite,  from  the  "  Palisades;''  N.  W.  J  of  S.W.  i 
sec.  4,  T.  62-10.    Same  as  No.  979  (N.  H.  W.).    P.  195. 

112.  Fine  grayish  syenite,  a  condition  of  No.  Ill;  same  local- 
ity.    P.  195. 

113.  Fine  reddish  syenite,  a  condition  of  111;  same  locality. 
P.  195. 

114.  Coarse  gabbro,  east  side  of  Birch  lake,  N.  W.  }  of  sec. 
17,  T.  61-11.     Same  as  No.  954  (N.  H.  W.).     P.  194. 

115.  Magnetitic  quartzjrte,  S.  W.  \  of  sec.  9,  T.  60-12;  south 
of  Birch  lake.     P.  163. 

116.  Magnetitic  quartzyte,  N.  W.i  of  sec.  10,  T.  60-12;  south 
of  Birch  lake.     P.  163. 

117.  Biotitic  gabbro,  S.  W.  i  of  sec.  10,  T.  60-12;  south  of 
Birch  lake.     P.  162. 

118.  Same  as  No.  117,  but  showing  dark  bands.  Same  local- 
ity.    P.  162. 

118A.     Same  as  118,  but  from  a  loose  piece.     P.  162. 

119.  Gabbro,  N.  J  of  sec.  15,  T.  60-12;  south  of  Birch  lake. 
P.  162. 

120.  Gabbro,  N.  E.  i  of  sec.  15,  T.  60-12;  south  of  Birch 
lake.     P.  163. 

121.  Breccia  of  mica-schist  cemented  by  granite,  from  the 
little  point  in  the  N.  B.  i  of  S.  E.  i  sec.  21,  T.  61-12;  Birch 
lake.    Same  as  No.  958  (N.  H.  W.).     P.  195. 

122.  Fine-grained  gabbro,  from  the  west  side  of  the  little  bay 
in  the  S.  E.  i  of  S.  W.  1  sec.  24,  T.  62-12;  Birch  lake.  Same  as 
No.  1137  (N.  H.  W.).     P.  198. 

123.  Fine-grained  red  syenite,  from  the  S.  W.  i  of  S.  W.  i 
sec.  24,  T.  61-12;  just  east  of  the  line  between  sees.  23  and  24,. 
and  300  feet  north  from  the  shore  of  Birch  lake.  Same  as  No. 
963  (N.  H.  W.).     P.  195. 

124.  Biotite  hornblende  schist,  N.  W.  }  of  S.  B.  i  sec.  12,  T. 
62-12;  east  side  of  White  Iron  lake.  Same  as  No.  1134  (N.  H. 
W.).    P.  198. 

125.  Biotite  hornblende  schist.  N.  W.  i  of  S.  B.  t  sec.  12,  T^ 
62-12;  east  side  of  White  Iron  lake;  70  yards  west  of  No.  124. 
P.  198. 
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126.  Granite  cutting  No.  125;  same  locality.     P.  198. 

127.  Black  hornblende  gneiss,  just  south  of  the  line  between 
sees.  6  and  7,  T.  62-11;  east  shore  of  White  Iron  lake.  This 
specimen  shows  the  contact  between  the  syenite  and  hornblende 
gneiss.     Same  as  No.  1132  (N.  H.  W.).     P.  198. 

128.  Siliceous  schist,  from  "  Silver  City;''  N.  B.  i  of  sec.  32, 
T.  63-11.     Same  as  No.  950  (N.  H.  W.).     P.  194. 

129.  Biotitic  diabase  (t)  cut  by  intrusive  syenite,  N.  W.  I  of 
S.  E.  i  sec.  6,  T.  62-11,  White  Iron  lake.  Same  as  No.  1128 
(N.  H.  W.).     P.  198. 

130.  Syenite  cutting  No.  129;  same  locality.  Same  as  No. 
1129  (N.  H.  W.).     P.  198. 

131.  Syenite  taken  from  a  dike  in  No.  129;  same  locality. 
P.  198. 

132.  Qabbro,  north  side  of  the  little  bay  in  the  S.  W.  I  of  8. 
E.  i  sec.  15,  T.  63-9;  Kawishiwi  river.    P.  163. 

133.  Magnetitic  iron  ore  in  the  gabbro,  S.  E.  i  of  sec.  15,  T. 
63-9.     P.  163. 

134.  Muscovado,  S.  B.  i  of  N.  B.  1  sec.  15,  T.  63-9;  60  yards 
northwest  of  the  quarter  post  between  sees.  14  and  15.     P.  163. 

135.  Magnetitic  iron  ore;  same  locality  as  No.  134.    P.  163. 

136.  Gabbro,  showing  gneissic  structure;  N.  W.  i  of  sec.  6, 
T.  61-9;  hill  on  east  bank  of  stream.    P.  164. 

137.  Gabbro,  showing  banding  in  No.  138;  S.  W.  i  of  sec  5, 
T.  61-9;  hill  on  west  bank  of  stream.     P.  165. 

138.  Gabbro,  from  same  locality  as  No.  137.     P.  165. 

139.  Red  syenitic  gneiss;  S.  i  of  sec.  32,  T.  63-10;  from  a 
small  island  near  the  southern  shore  of  the  lake.     P.  165. 

140.  Red  syenite;  S.  i  of  sec.  32,  T.  63-10;  from  a  small 
island  just  north  of  the  island  where  No.  139  was  found.     P.  165. 

141.  Syenite,  with  large  crystals  of  hornblende;  west  side  of 
the  little  bay  in  the  N.  W.  i  of  N.  W.  i  sec.  32,  T.  63-10.    P. 

165. 

142.  Light  gray  gneiss;  at  the  portage  in  the  N.  B.  J  of  N.  W. 
\  sec  31,  T.  63-10.     P.  165. 

143.  Hornblende  schist(!)  in  No.  142;  same  locality.     P.  166. 

144.  Dark  hornblende  rock,  from  the  southern  shore  of  the 
lake;  S.  i  of  sec.  32,  T.  63-10.     P.  166. 

145.  Transition  from  No.  144  to  the  syenite  like  No.  140;  same 
locality  as  No.  144.     P.  166. 

146.  To  illustrate  the  same  transition  as  No.  145;  same  local- 
ity.    P.  166. 
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147.  Coarse  gabbro;  west  side  of  the  little  bay  in  the  S.  W.  i 
of  N.  W.  i  sec.  35,  T.  62-8;  lake  IsabelJ^.    P.  166. 

148.  Granulyte  vein  in  the  gabbro;  a  few  rods  north  of  No. 
147.     P.  166. 

149.  Very  coarse  gabbro;  from  cliflF  on  the  west  side  of  the 
larger  bay  in  the  N.  W.  }  of  sec  35,  T.  62-8;  lake  Isabelle.   P.  166. 

150.  Trap  rock,  S.  W.  i  of  N.  B.  i  sec.  35,  T.  62-8;  lake  Isa- 
belle.   P.  166. 

151.  Coarser  condition  of  No.  150;  same  locality.    P.  166. 

152.  Coarser  decayed  condition  of  No.  150;  same  locality,  but 
a  few  rods  back  from  the  shore.   *P.  166. 

153.  Coarser  condition  of  No.  150;  same  locality  as  No.  152. 
P.  166. 

154.  Condition  of  No.  150,  containing  patches  of  biotite;  on 
the  shore,  a  little  north  of  No.  150.    P.  166. 

155.  A  decayed  condition  of  No.  154;  same  locality.    P.  166. 

156.  A  coarser  condition  of  No.  154  and  No.  155;  same  local- 
ity.    P.  166. 

157.  Same  trap,  near  contact  with  the  gabbro;  N.  i  of  N« 
E.  i  sec.  35,  T.  62*8,  lake  Isabelle;  on  the  shore,  a  few  stejNi 
north  of  No.  156.    P.  167. 

158.  Pine  diabase  from  dike,  N.  E.  i  of  N.  E.  i  sec.  35,  T. 
62-8;  lake  Isabelle.    P.  167. 

159.  Diabase  from  dike,  S.  W.  i  of  sec.  30,  T.  62-7;  lake 
Isabelle.    P.  167. 

160.  Finer  diabase  from  edge  of  the  same  dike  from  which 
No.  159  was  taken.    P.  167. 

161.  Fine  diabase  from  dike,  W.  i  of  sec.  31,  T.  62-7;  lake 
Isabelle.    P.  167. 

162.  Very  coarse  gabbro,  north  shore  of  Bellissima  lake; 
probably  from  sec.  27,  T.  61-7.    P.  167. 

163.  Gray  feldspathic  rock,  S.  W.  i  of  sec.  21,  T.  60-6;  Pine 
lake.    P.  163. 

163A.    Portion  of  No.  163  showing  dark  siliceous  fragment; 
same  locality  as  No.  163.    P.  168. 
163B.  Transition  from  No.  163  to  No.  164;  same  locality.  P.  168. 

164.  Granulyte,  S.  W.  i  of  sec  21,  T.  60-6;  Pine  lake.    P.  168. 
164 A.    A  darker  and  more  siliceous  condition  of  No.   164; 

same  locality.    P.  168. 

165.  Fine  trap,  8.  W.  i  of  sec  21,  T.  60-6;  Pine  lake.    P.  168. 
165 A.    No.  165  containing  fragments  of  No.  164;  same  local- 
ity.   P.  168. 

Vol.  Ill— 27. 
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165B.    A  condition  of  No.  156  A;  same  locality.     P.  168. 

166.  Diabasic  rock,  K.W..I  of  sec.  28,  T.  60-6;  Pine  lake. 
P.  168. 

167.  Diabasic  rock,  west  shore  of  Pine  lake;  T.  60-6.  P.  168. 

168.  Very  fine  diabasic  rock,  west  shore  of  Pine  lake;  T. 
60-6.     P.  168. 

169.  Very  fine  diabasic  rock,  west  shore  of  Pine  lake;  T. 
60-6.     P.  168. 

170.  Micaceons  schist,  from  the  syenite;  north  of  Gunflint 
lake.    P.  168. 

171.  Hornblendic  schist,  from  the  syenite;  north  of  Ganflint 
lake.    P.  158. 

172.  Coarse  hornblendic  schist,  from  the  syenite;  north  of 
Onnflint  lake.    P.  158. 

173:  Syenite  holding  hornblendic  schist  fragments;  north  of 
Gunflint  lake.    P.  159. 

174.  Synenitic  gneiss,  north  of  Gunflint  lake.     P.  169. 

175.  Gabbro,  S.  W.  i  of  S.  E.  i  sec.  36,  T.  65-3;  south  shore 
of  Mayhew  lake.     P.  169. 

176.  Lighter  colored  gabbro,  from  end  of  little  point  in  the 
8.  W.  i  of  S.  B.  i  sec.  36,  T.  65-3;  Mayhew  lake.    P.  169. 

177.  Magnetic  iron  ore  in  the  gabbro;  same  locality  as  Ko. 
176.     P.  169. 

178.  Decayed  gabbro;  on  the  line  between  ranges  2  and  3, 
just  south  of  Mayhew  lake.    P.  169. 

179.  Magnetic  iron  ore  in  the  gabbro,  from  the  point 
crossed  by  the  line  between  sees.  31  and  32,  T.  65-2;  Iron  lake. 
P.  170. 

180.  Magnetitic  gabbro;  same  locality  as  No.  179.     P.  170. 

181.  Fine  muscovado-like  rock,  S.  B.  }  of  N.  W.  i  sec.  4,  T. 
64-2;  Portage  lake.     P.  170. 

182.  Gabbro,  from  the  little  point  in  the  K  W.  i  of  N.  E.  } 
of  N.  W.  i  sec.  12,  T.  64-2;  Poplar  lake.    P.  171. 

183.  Very  fine  gabbro,  a  condition  of  No.  182;  same  locality. 
P.  171. 

184.  Light  gray  gabbro  with  the  labradorite  collected  together 
in  spots;  S.  E.  i  of  N.  E.  i  sec  12,  T.  64r-2;  Poplar  lake.    P.  171. 

185.  Gabbro,  from  hill  a  quarter  of  a  mile  north  of  Meeds' 
lake,  and  a  little  west  of  the  centre  of  sec.  15,  T.  64-2.    P.  172. 

186.  Bough  Animike  slate,  N.  W.  i  of  N.  B.  i  sec  14,  T. 
64-2;  Meeds'  lake    P.  172. 

187.  Gabbro,  S.  B.  i  of  S.  E.  t  sec  29,  T.  64-2;  north  shore 
of  Winchell  lake.    P.  174. 
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188.  Goarse  gabbro,  from  the  point  crossed  by  the  line 
between  sees.  31  and  32,  T.  62-4;  sont^  shore  of  Winchell  lake. 
P.  174. 

189.  Gabbro,  from  the  bluflf  in  the  N.  W.  i  of  N.  W.  t  sec.  31, 
T.  64-2;  south  shore  of  Winchell  lake,     P.  174. 

190.  Gabbro  holding  some  pinkish  feldspar,  20  feet  above 
No.  189.    P.  174. 

191.  Altered  gabbro,  reddish;  ten  feet  abore  No.  190.    P.  175. 

192.  Very  dark  syenite,  two  feet  above  No.  191.    P.  176. 

193.  Very  dark  syenite,  two  feet  above  No.  191.    P.  175. 

194.  Pine  pinkish-gray  syenite,  just  above  No.  193.    P.  176. 

195.  Pinkish-gray  syenite,  just  above  No.  194.    P.  175. 

196.  Pinkish-gray  syenite,  from  top  of  bluff;  same  locality. 
P.  176. 

197.  Showing  change  from  gabbro  to  syenite;  same  locality. 
P.  176. 

198.  A  condition  of  the  gabbro,  N.  W.  i  of  N.  W.  J  sec.  31, 
T.  64-2;  Winchell  lake,  north  end  of  portage  to  Sham  lake.. 
P.  175. 

199.  Altered  gabbro,  S.  W.  i  of  N.  W.  i  sec.  31,  T.  64-2; 
north  end  of  Sham  lake,  at  the  portage  to  Winchell  lake.  P.  176. 

200.  Pine  red  syenite,  S.  W.  i  of  N.  W.  t  sec  31,  T.  64-2; 
east  side  of  Sham  luke.    P.  176. 

201.  Altered  gabbro  (t),  S.  E.  i  of  S.  E.  i  sec  36,  T.  64^; 
near  the  southwest  corner  of  Sham  lake.    P.  176. 

202.  Pine  red  syenite,  S.  E.  t  of  S.  W.  i  sec  i,  T.  63-3;  ^est 
aide  of  Lost  lake.    P.  176. 

203.  Dark  siliceous  trap,  S.  E.  i  of  S.  W.  i  sec  12,  T.  63-3, 
east  side  of  bay;  Brul6  lake.    P  177. 

204.  A  condition  of  the  gabbro  (f )  a  little  south  of  No.  203. 
P.  177. 

205.  Gruy  feldspar  porphyrjr,  from  the  point  in  the  S.  E.  i 
of  Jf.  B.  i  of  N.  W.  i  sec  13,  T.  63-3;  Brul6  lake     P.  177. 

206.  Dark  feldspar  porphry;  same  locality  as  No.  205.  P.  177. 

207.  Bed  quartz  porphyry;  a  few  yards  south  of  the  last.  P. 
178. 

207A.  A  darker  and  more  siliceous  condition  of  No.  207, 
near  the  contact  with  No.  208;  same  locality.    P.  178. 

208.  Fine  diabase,  in  contact  with  No.  207;  same  locality. 
P.  178. 

209.  Diabase«like  rock,  inclined  to  be  amygdaloidal;  small 
island  in  the  S.  E.  i  of  S.  E.  i  sec.  18,  T.  63-3;  Brnl61ake.   P.  178. 
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210.  Gabbro,  S.  W.  J  of  sec.  18,  T.  63-3;  lake  Georgia,  a 
short  distance  west  of  the  portage  from  Brul6  lake.     P.  179. 

211.  Dark  feldspar  porphyry;  lake  Georgia,  a  short  distance 
west  of  'No.  210.     P.  179. 

212.  Trap;  near  its  contact  with  the  gabbro  ('No.  213);  N.  B. 
t  of  8.  W.  }  sec.  13,  T.  63-4;  north  side  of  lake  Georgia.    P.  179. 

212A.  Coarser  condition  of  No.  212,  farther  from  the  contact. 
P.  179. 

213.  Gabbro  in  contact  with  trap  (No.  212);  same  locality. 
P.  179. 

214.  Fine  red  syenite,  S.  W.  i  of  sec.  12,  T.  63-4;  Sur- 
veyor's lake,  on  the  portage  going  west  to  Found  lake.   P.  179. 

215.  Diabase,  S.  i  of  sec.  11,  T.  63-4;  hill  on  north  shore  of 
Found  lake.    P.  180. 

216.  Fine  red  syenite  holding  pieces  of  a  darker  rock;  S.  i  of 
sec.  11,  T.  6a-4;  north  shore  of  Found  lake.    P.  180. 

217.  Gabbro,  8.  W.  i  of  N.  B.  i  sec.  11,  T.  63-4;  lake  Ida 
Belle.    P.  180. 

218.  Diabase,  8.  W.  J  of  N.  W.  i  sec.  11,  T.  6:^-4,— just  east 
of  the  line  between  sees.  10  and  11;  lake  Ida  Belle.    P.  180. 

219.  Fine  diabase  from  dike  in  gabbro,  little  point  in  the  S. 
E.  t  of  sec.  10,  T.  63-4;  lake  Ida  Belle.    P.  180. 

220.  Gabbro  cut  by  the  above  dike.  .  P.  180. 

221.  Fine-grained  rock  resembling  ^* muscovado;"  N.  W.  i 
of  sec.  15,  T.  63-4,  near  the  line  between  sees.  10  and  15;  south- 
west of  lake  Ida  Belle.    P.  181. 

222.  Large  crystals  of  hornblende  from  vein  in  gabbro;  south- 
west of  lake  Ida  Belle,  near  the  last  locality.    P.  181. 

223.  Gabbro  rich  in  magnetite;  southwest  of  lake  Ida  Belle, 
near  the  last  locality.    P.  181. 

224.  Magnetite  from  the  gabbro;  N.  i  of  sec.  16,  T.  63-4, 
near  the  line  between  sees.  9  and. 16;  southwest  of  lake  Ida  Belle. 
P.  181. 

225.  Fine  red  syenite,  east  side  of  entrance  to  the  small  bay 
in  the  N.  W.  i  of  N.  E.  i  sec.  10,  T.  63-4;  lake  Ida  Belle.  P. 
181. 

226.  Diabase  from  dike  in  gabbro;  same  locality  as  No.  225. 
P.  181. 

227.  Gabbro;  same  locality.     P.  181. 

228.  Fine  red  syenite  underlying  the  gabbro;  north  side  of 
small  island  in  the  N.  E.  i  of  8.  E.  i  sec.  3,  T.  63-4;  lake  Ida 
Belle.    P.  182. 
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229.  Dark  rock  cat  by  veins  of  the  following;  hill  in  the  E. 
}  Of  sec.  3,  T.  63-4;  lake  Ida  Belle.     P.  182. 

230.  Fine  red  syenite  from  veins  in  No.  229;  same  locality. 
P.  182. 

231.  Showing  contact  of  Nos.  229  and  230.  P.  182. 

232.  Fine  red  syenite  from  vein  in  gabbro;  S.  £.  i  of  sec.  35, 
T.  64-4,  lake  Ida  Belle;  on  the  portage  going  north.    P.  183. 

233.  A  decayed  condition  of  the  gabbro;  S.  E.  i  of  N.  E.  i 
sec.  26y  T.  64-4;  west  shore  near  the  north  end  of  Narrow 
lake.     P.  183. 

233i.  Mnsoovado,  N.  E.  i  sec.  33,  T,  65-4;  west  shore  of  Dra- 
per lake.     P.  184. 

234.  Fine  gray  syenite  underlying  the  gabbro;  probably  in 
the  S.  W.  i  of  sec.  29,  T.  65-4;  on  the  portage  from  lake  No.  3  to 
lake  No.  4.     P.  184. 

235.  Gabbro  overlying  No.  234;  same  locality.    P.  184. 

236.  Muscovado^  same  locality  as  No.  234.    P.  185. 

237.  Fine  gabbro,  probably  in  S.  i  of  sec.  29,  T.  65-4;  from 
little  island  in  southern  part  of  lake  No.  4.     P.  185. 

238.  Magaetic  iron  ore  from  the  quartzyte,  S.  E.  i  of  S.  E. 
i  Bee.  25,  T.  65-5;  south  shore  of  Flying  Cloud  lake,  near  its 
eastern  end.     P.  185. 

239.  Greenstone;  same  locality  as  No.  238.     P.  185. 

240.  Magnetic  iron  ore  from  the  quartzyte;  probably  in  the 
8.  E.  i  of  S.  E.  t  sec.  26,  T.  65-5.     P.  186. 

241.  Greenstone,  12  feet  north  of  No.  240.     P.a86. 

242.  Magnetitic  quartzyte,  just  south  of  No.  241.     P.  186. 

243.  Magnetitic  quartzyte  lying  on  No.  244;  probably  in  the 
N.  W.  i  of  N.  E.  t  sec.  35,  T.  65-5.     P.  186. 

244.  Greenstone  underlying  No.  243;  same  locality.     P.  186. 

245.  Fine  gabbro,  from  the  little  point  in  the  N.  E.  i  of  N. 
R  i  sec.  14,  T.  64-7;  Shoo-fly  lake.     P.  186. 

246.  Gabbro,  west  side  of  the  small  lake  in  the  S.  W.  \  of 
sec  13,  T.  64-7.     P.  187. 

247.  Decayed  condition  of  No.  246;  west  shore,  near  the  south 
end  of  the  small  lake  in  the  S.  W.  i  of  sec.  13,  T.  64-7.     P.  187. 

248.  Olivinitic  iron  ore,  S.  B.  1  of  S.  W.  i  sec.  14,  T.  64-7; 
north  side  of  Eraser  lake.     P.  187. 

249.  Coarae  hornblende  (!)  rock;  same  locality.     P.  187. 
260.     Olivinitic  iron  ore  in  No.  249;  same  locality.     P.  187. 

251.  Magnetitic  quartzyte  in.  No.  249;  same  locality.   P.  187. 

252.  Olivinitic  iron  ore;  same  locality.     P.  187. 
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253.  Coarse  hornblende  (f)  rock,  not  as  mach  decayed  as  No. 
249;  same  loealitv.    P.  187. 

254.  Muscovado;  same  locality.    P.  187. 

255.  Ko.  249  containing  considerable  magnetite;  same  local- 
ity.   P.  187. 

256.  Same  as  No.  255  and  showing  a  piece  of  No.  254;  same 
locality.    P.  187. 

257.  Moscovado  from  northern  foot  of  the  ridge;  same  local- 
ity.   P.  188. 

258.  Magnetitic  quartzyte;  same  locality.     P.  188. 

259.  Magnetitic  quartzyte  showing  banding;  same  locality. 
P.  188. 

260.  Showing  contact  of  the  quartzyte  and  the  hornblende 
rock  (No.  249);  same  locality.     P.  188. 

261.  Fine  decayed  gabbro,  N.  W.  i  of  N.  B.  i  sec.  23,  T. 
64-7;  north  shore  of  Fraser  lake.    P.  188. 

262.  Olivintic  iron  ore;  same  locality.     P.  188. 

263.  Magnetitic  quartzyte;  same  locsQity.    P.  188. 

264.  Magnetitic  quartzyte,  showing  banding;  same  locality. 
P.  188. 

265.  Band  of  magnetite  from  the  quartzyte;  same  locality. 
P.  188. 

266.  Muscovado-like  rock,  from  a  bed  in  the  qnartzjrte;  same 
locality.    P.  188. 

267.  Olivinitic  iron  ore;  same  locality.     P.  189. 

268.  Large  arystals,  apparently  similar  to  No.  249,  but  con- 
taining  much  magnetite;  same  locality.    P.  188. 

269.  Gabbro,  N.  E.  i  of  sec.  28,  T.  64-7;  a  quarter  of  a  mile 
north  of  Thomas  lake.     P.  189. 

270.  Muscovado  holding  irregular  blotches  of  a  light  colored 
feldspar;  W.  i  of  sec.  27,  T.  64-7;  north  shore  of  Thomas  lake. 
P.  189. 

271.  Hornblende  (!)  rock  similar  to  Nos.  249  and  253,  N.  R  i 
of  sec  29,  T.  64-7;  north  shore  of  Thomas  lake.     P.  189. 

272.  Magnetitic  quartzyte  showing  banding  on  weathered  sur- 
face; same  locality.     P.  189. 

273.  Iron  ore,  apparently  almost  pure  magnetite;  same  local- 
ity.    P.  189. 

274.  Magnetitic  quartzyte;  same  locality.    P.  190. 

275.  Same  as  No.  274.     P.  190. 

276.  Pink  gabbro  holding  small  quantities  of  what  appears 
to  be  a  red  oxide  of  iron;  east  side  of  the  long  bay  in  sec.  15,  T. 
63-7;  lake  Alice.     P.  191. 
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277.  Gabbro,  S.  B.  i  of  N.  W.  i  sec.  16,  T.  63-7;  east  shore  of 
lake  Alice.    P.  191. 

278.  Green  chloritic  schist;  north  of  Cady  house,  Tower. 
Same  as  No.  868  (N.  H.  W.).    P.  194. 

279.  Bongh,  scarcely  banded  jasper;  25  feet  below  the  sur- 
face; Stone  mine.  Tower.     Same  as  l^o.  892  (N.  H.  W.).    P.  194. 

280.  Bed  jasper  with  darker  bands  of  iron  ore;  Stone  mine, 
Tower.     Same  as  No.  903  (N.  H.  W.).    P.  194. 

281.  Matrix  of  conglomerate  occurring  north  of  the  Gady 
house,  Tower.     Same  as  No.  908  (N.  H.  W.).     P.  194. 

282.  Breccia,  now  conrerted  to  hematite  and  a  floury  white 
mineral;  Breitung  mine.  Tower.  Same  as  No.  916  (  N.  H.  W.). 
P.  194. 

283.  Black  or  purplish-black  clay  slate;  south  shore  of  Pine 
island,  Yermilion  lake;  a  few  feet  east  of  the  line  between 
ranges  15  and  16.     Same  as  No.  921  (N.  H.  W.).     P.  194. 

284.  Sericitic  schist,  rather  siliceous;  north  shore  of  Pine 
islands  Yermilion  lake;  on  the  line  between  ranges  15  and  16. 
P.  192. 

285.  Sericitic  schist;  Pine  island.    P.  192. 

286.  Green,  somewhat  sericitic  schist;  Pine  island.    P.  192. 

287.  Green,  somewhat  graywacke-like  rock;  Pine  island.  P. 
192.  ^ 

288.  Bough  sericitic  schist;  Pine  island.    P.  192. 

289.  Green,  somewhat  chloritic  (!)  schist;  Pine  island.  P.  192. 

290.  Light  gray  argillaceous  slate;  Pine  island.    P.  192. 

291.  Coarser  and  rather  sericitic  condition  of  No.  290;  Pine 
island.     P.  192. 

292.  Coarser  and  rather  sericitic  condition  of  No.  290;  Pine 
island.    P.  192. 

293.  Coarser  and  rather  sericitic  condition  of  No.  290;  Pine 
island.     P.  192. 

294.  Light  gray  argillaceous  slate;  Pine  island.    P.  192. 

295.  Gray  argillaceous  slate;  Pine  island.    P.  192. 

296.  A  more  siliceous  condition  of  the  slate;  Pine  island.  P. 
192. 

•297.     Gray  argillaceous  slate;  Pine  island.     P.  192. 

298.  Argillaceous  slate  showing  both  the  gray  and  black 
bands;  south  shore  of  Pine  island,  on  the  line  between  ranges  15 
and  16.    P.  392. 
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VI. 

APPENDIX.— LIST  OP  RECENT  GEOLOGICAL 

PUBLICATIONS  RELATING  TO  THE 

CRYSTALLINE  ROCKS. 


VI. 

List  of  American  Publications  Between  1872  and  188^^ 
That  Have  Some  Belation  to  the  Crystalline  Books  of 
THE  Northwest. 

This  list  of  publications,  while  embracing  most  of  those  is- 
sued since  1872  bearing  on  the  crystalline  rocks  of  Minnesota, 
or  of  the  Northwest,  is  not  presumed  to  be  complete,  and  it  is 
desired  that  geologists  who  discover  omissions  will  communicate 
with  the  writer  in  order  that,  in  a  future  report,  such  additions 
may  be  made  as  will  make  the  list  perfect. 

The  list  of  papers  and  other  publications  prepared  by  Whit- 
ney &  Wadsworth  alid  published  in  the  BvUetin  of  the  Miiseum  of 
Comparative  Zoology j  Cambridge  (Geol.  Series,  Vdl.  I.),  carried 
the  record  up  to  1880.  By  the  aid  of  that,  and  with  the  assis- 
tance of  Mr.  Geo.  H.  Barton,  of  the  Institute  of  Technology, 
Boston,  who  examined  some  serial  publications  that  could  not 
be  consulted  at  Minneapolis,  the  catalogue  may  be  considered  to 
embrace  most  of  the  publications  of  American  geologists  op  the 
crystalline  rocks  of  the  central  and  eastern  portions  of  the- 
TTnited  States  and  of  Canada,  between  1872  and  1889.  There 
are,  however,  some  important  serials  that  have  not  been  con- 
sulted^ 

1873. 

BELL,  ROBT. 

Report  on  the  country  between  lake  Superior  and  lake  Winnipeg.  Geol. 
Sur.  of  Can.,  Report  of  Progress.    Montreal,  1872-73,  l)p.  87-111. 

BROOKS,  T.  B. 

Geological  Sorvej  of  Michigan,  with  maps,  1869-73,  i.;  Part  I.,  Iron-bear- 
ing Rocks,  319  pp.;  Part  II.,  Copper-bearing  Rocks,  R.  Pumpelly  and  A. 
R.  Marvine,  143  pp.;  Part  III.,  Palaeozoic  Rocks,  Ciittrles  Rominger,  105 
pp.;  ii.,  298  pp.,  contains  papers  by  Messrs.  Brooks,  Jnlien,. Wright,  Jen- 
ney,  and  Tattle. 

I>AKA,  J.  D. 

On  the  Qaartzite,  Limestone,  and  Associated  Rocks  of  the  vicinity  of  Great 
Barrington,  Mass.,  Am.  J.  Sci.,  3d  Series,  VoL  5,   pp.   47-53,   87-91; 
VoL  6,  pp.  257-278. 
Vol.  UI—30. 
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FOSTER,  J.  W. 

Ancient  Mining  by  the  Monnd-boilders  in  the  *^  Prehistoric  Races  of  the 
United  States."    Chicago,  1873,  pp.  361-374. 

HITCHCOCK,  C.  H. 

Classification  of  the  Rocks  of  New  Hampshire.  Proc.  Boston  Soc.  Nat. 
Hist.,  Vol.  15,  pp.  304-307. 

HUNT,  T.  STERRY. 

The  Geology  of  the  North  Shore  of  Lake  Superior.  (Supplementary  Note.) 
Trans.  Am.  Inst.  Min.  £ng.,  1873,  ii.,  5d,  59. 

IRVING,  ROLAND  D. 

On  some  points  in  the  Geology  of  Northern  Wisconsin.  Trans.  Wise. 
Acad.  Sci.,  1873-74,  ii.,  107-119. 

MARVINE,  A.  R. 

Geology  of  Michigan.     Part  II.,  1873. 

NICHOLSON,  H.  ALLEYNE. 

On  the  Geology  of  the  Thunder  bay  and  Shabendowan  Mining  Districts  on 
the  North  Shore  of  lake  Superior.  Quart.  Jour.  Geol.  Soc.,  1873,  xxiz., 
17-24. 

PUMPELLY,  RAPHAEL. 

The  Paragenesis  and  Derivation  of  Copper  and  its  Associates  on  lake 
Superior.  Am.  Jour.  Sci.,  1872  (3),  iii.,  188-198,  243-258,  347-363; 
Leonhard's  Jahrbuch,  1872,  pp.  538-540;  Geol.  of  Michigan,  Part  II., 
1873. 

SELWYN,  ALFRED  R.  C. 

Notes  of  a  Geological  Reconnoissance  from  lake  Superior  to  Fort  Gariy. 
Geol.  Surv.  of  Canada,  Report  of  Progre^.    Montreal,  1872-73,  pp.  8-18. 

WHITTLESEY,  CHARLES. 

On  the  cause  of  the  Transient  Fluctuations  of  Level  in  lake  Superior. 
Proc.  Am.  Assoc.  Adv.  Sci.,  1873,  xxii..  Part  II.,  42-46. 

WINCHELL,  ALEXANDER. 

The  Diagonal  System  in  the  Physical  Features  of  Michigan.  Am.  Jour. 
Sci.,  1873  (3),  vi.,  36-40. 

WINCHELL,  N.  H. 

Geological  and  Natural  History  Survey  of  Minnesota.  First  annual  report, 
113  pp. 

WING,  A.  T. 

Concerning  the  Spontaneous  Movements  and  Fractures  of  Rock,  at  Quarry 
of  W.  N.  Flynt,  Monson,  Mass.  Proc.  Bost.  Soc.  Nat.  Hist.,  Vol.  16,  pp. 
41-42. 

1874. 

ALLEN,  J.  A. 

Metamorphism  Produced  by  the  Burning  of  Lignite  Beds  in  Dakota  and 
Montana  Territories.  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  16,  pp.  246- 
262. 
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3BROWN,  A.  J. 

The  Formation  of  Fissures  and  the  Origin  of  Their  Mineral  Contents. 
Trans.  Am.  Inst.  Min.  Eng.,  1874,  ii.,  215-219. 

I>ANA,  JAMES  D. 

Manual  of  Geology,  New  York,  1st  ed.,  1862,  800  pp.;  2d  ed.,  1874,  828 
pp.;  3d  ed.,  1880,  911  pp. 

I>OUGLAS,  JAMES. 

The  Native  Copper  Mines  of  lake  Superior.  Quart.  Jour.  Sci.,  1874,  xi., 
162-180;  Canadian  Nat.  and  Geol.,  1874  (2),  vii.,  318-336. 

ikVING,  ROLAND  D.  » 

On  the  Age  of  the  Copper-bearing  Rocks  of  lake  Superior;  and  on  the 
Westward  Continuation  of  the  lake  Superior  Synclinal.  Am.  Jour.  Sci., 
1874  (3),  viii.,  46-56. 

UE  CONTE,  J.  L* 

On  Coracite,  a  new  ore  of  Uranium.    Am.  Jour.  Sci.,  1874  (2),  iii.,  173- 

175. 

M'KELIiAB,  PETER. 

Mining  on  the  North  Shore  of  lake  Superior.    Toronto,  1874,  26  pp. 

INEWBERRY,  J.  S. 

The  Iron  Resources  of  the  United  Statics.  International  Review,  1874,  ii., 
754-780. 

/\  ^I^ICHOLSON,  H.  ALLEYNE. 

On  the  Mining  District  on  the  North  Shore  of  lake  Superior.  Trans,  of 
North  of  England  Inst  of  Min.  and  Mech.  £ng.  Newcastle-on-Tyne, 
1874-75,  xxiv.,  237-249,  with  maps. 

^WHITTLESEY,  CHARLES. 

Sudden  Fluctuations  of  Level  ia  Quiet  Waters.  Records  of  Observations. 
Proc.  Am.  Assoc.  Adv.  Sci.,  1874,  xxiii.,  139-143. 

1875. 

AKERMANN,  H.  W. 

Die  Kupferfuhrenden  Schichten  am  lake  Superior.  Sitzungs-Berichte  der 
naturwissenschaftUchen  Gesellschafb  Isis  in  Dresden,  1875,  pp.  101- 
105. 

BELL,  ROBERT. 

The  Mineral  Region  of  lake  Superior.  Canadian  Nat.  and  Greol.,  1875  (2), 
vii.,  49-51. 

BLAKE,  WILLIAM  P. 

The  Mass  Copper  of  lake  Superior  Mines,  and  the  Method  of  Mining  it. 
Trans.  Am.  Inst.  Mining  Engineers,  1875,  iv.,  110-112. 

CHAPMAN,  E.  J. 

An  Outline  of  the  Geology  of  Ontario,  based  on  a  Subdivision  of  the 
Province  into  Six  Natural  Districts,     Canadian  Jour.,  1875  (2),  580-588. 
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CHESTER,  ALBERT  H. 

On  the  Percentage  of  Iron  in  Certain  Ores.  Trans.  Am.  Inst  Min.  Eng. , 
1876,  iv.,  219. 

DODGE,  W.  W. 

\  Notes  on  the  G^logy  of  Eastern  Massachusetts.    Proc.  Boston  Soc  Nat. 
Hist.,  Vol.  17,  pp.  388-419. 

« 

HUNT,  T.  STERRY. 

The  Decayed  Gneiss  of  the  Hoosac  Mountains.  Ibid.,  Vol.  18,  pp.  10&-lO8^ 
The  Development  of  our  Mineral  Resources.  Harper's  Magazine,  1875^ 
li.,  82-94. 

PUMPELLY;  RAPHAEL. 

On  Psendomorphs  of  Chlorite  after  Garnet  at  Spnrr  Mountain  Iron  Mine.. 
Am.  Jour.  Sci.,  1875  (3),  x.,  17-21. 

SAUVAGE,  E. 

Notice  sur  les  Minerais  de  Fer  du  lac  Sup^rieur.  Annales  des  Mines,  1875- 
(7),  viii.,  1-35. 

WHITTLESEY,  CHARLES. 

Physical  Geology  of  lake  Superior.  Proc.  Am.  Assoc.  Ady.  Sci.,  1875^ 
xxiv.,  60-72. 

WINCHELL,  N.  H. 

The  Geology  of  the  Minnesota  Valley.  Second  Heport  on  the  Geol.  andl 
Nat.  Hist.  Sarv.  of  Mianesota,  pp.  127-212. 

1876. 

BELL,  ROBERT. 

Report  on  an  Exploration  in  1875,  hetween  James  hay  and  lakes  Superior 
and  Huron.     Geol.  Surv.  of  Canada,  Report  of  Progress,  1875-76,  pp. 
294-342. 

BR/IDLEY,  FRANK  H. 

On  a  Geological  Chart  of  the  United  States  East  of  the  Rocky  Mountains- 
and  of  Canada.     Am.  Jour.  Sci.,  1876  (3),  xii.,  286-291. 

BROOKS,  T.  B. 

On  tile  Youngest  Huronian  Rocks,  South  of  lake  Superior,  and  the  Age  of 
the  Copper- bearing  Series.    Am.  Jour.  Sci.,  1876  (3),  xi.,  206-211. 

Classified  List  of  Rocks  observed  in  the  Huronian  Series,  south  of  lake- 
Superior,  etc.    Am.  Jour.  Sci.,  1876  (3),  xii.,  194-204. 

BOUVE,  T.  T. 

On  the  Origin  of  Porphyry.  Proc.  Boston  Soc.  Nat.  Hist.,  VoL  18,  pp 
217-220.  ■ 

CHAPMAN,  E.  J. 

On  the  Leading  Geological  Areas  of  Canada.  Canadian  Jour.,  1876  (2),. 
XV.,  92-122. 

CREDNER,  HERMANN. 

Elemente  der  Geologic.  1st  ed.,  1872;  2nd  ed.,  1872;  3rd  ed.,  1876;  69i» 
pp.,  4th  ed.,  18H0. 
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SGGIiESTOX,  THOMAS. 

Boracic  Acid  in  lake  Superior  Iron  Ores.    Trans.  Am.  Inst.  Mln.  Eng., 

1876,  v.,  131,  132. 

• 

OEINITZ,  H.  B. 

Alexander  Winchell:  iiber  geologisohe  Yerhaltnisse  in  Michigan.  Leon- 
hard's  Jahrbuch,  1876,  pp.  438-440. 

HOUGHTON,  JACOB,  Jr. 

The  Ancient  Gopper  Miners  of  lake  Superior.  Iron,  1876  (N.  S.),  yiii., 
168,  169,  199;  Swineford's  Copper,  Iron,  and  other  Material  Interests  of 
lake  Superior.     Marquette,  1876,  pp.  78-^9. 

HUNT,  T.  STERRY. 

On  the  History  of  the  Ciystalline  Stratified  Bocks.  A.  A.  A.  S.  Vol.  25, 
pp.  205-208. 

HYATT,  AliPHEUS. 

Remarks  upon  above  paper,  und  upon  the  Geology  of  Marblehead  Neck. 
Proc.  Bost.  Soc  Nat.  Hist.,  pp.  220-224. 

IMEcCRACKEN,  S.  B. 

The  State  of  Michigan,  embracing  Sketches  of  its  History,  Position, 
Resources,  and  Industries.     Lansing,  1876,  pp.  48-60. 

BOMINGER,  CHARLES. 

Observations  on  the  Ontonagon* Silver  Mining  Districts  and  Slate  Quarries 
of  Huron  bay.    Geol.  Surv.  of  .Michigan,  1876,  iii.,  153-166. 

dSWEBT,  B.  T. 

Notes  on  the  Geology  of  Northern  Wisconsin.  Trans.  Wise.  Acad.,  1875- 
76,  iii.,  40-65. 

SWINEFORD,  A.  P. 

History  and  Review  of  the  Copper,  Iron,  Silver,  Slate,  and  other  Material 
Interests  of  the  South  Shore  of  lake  Superior.    Marquette,  Mich.,  1876. 

/  WHITTLESEY,  CHARLES. 

On  the  Origin  of  Mineral  Veins.  Proc  Am.  Assoc.  Adv.  Sci.,  1876,  xxv., 
213-216. 

1877. 

SELL,  ROBERT. 

Report  on  Geological  Researches  North  of  lake  Huron  and  East  of  lake 
Superior.  Geol.  Surv.  of  Canada,  Report  of  Progress,  1876-77,  pp.  193- 
220. 

•COURTES,  W.  M. 

The  North  Shore  of  lake  Superior  as  a  Mineral-bearing  District.  Trans. 
Am.  Inst  Min.  Eng.,  1877,  v.,  473-487. 

EGGLESTON,  THOMAS. 

Copper  Mining  on  lake  Superior.    Trans.  Am.  Inst.  Min.  Eng.,  1877,  vi., 

275-312. 
The  Conglomerates  of  lake  Superior,  and  the  Methods  of  Dressing  Copper. 

Trans.  Am.  Inst.  Min.  Eng.,  1877,  v.,  606-611. 
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IRVING,  ROLAND  D. 

Note  on  the  Age  of  Crystalline  Rocks  of  Wisconsin.     Am.  Jour.  Sd.,  187T 
(3),  xiii..  307-309. 

ROLKER,  CHARLES  M. 

The  AUouez  Mine  and  Ore  Dressing,  as  practiced  in  the  lake  Superior  Cop- 
per District.     Trans.  Am.  Inst.  Min.  Eng.,  1877,  v.,  584-606. 

STRENG  and  KLOOS. 

Ueber  die  Krystallinischen  Gesteine  von  Minnesota  in  Nord-\merika. 
Neues  Jahrbuch  fiir  Mineralogie,  Geologic  und  Palseontologie,  1877,  31— 
56,  113-138  and  225-242.  (Translation  in  the  eleventh  annual  report  oi 
the  Geological  Survey  of  Minnesota.) 

WADSWORTH,  M.  E. 

Notes  on  the  Mineralogy  and  Petrography  of  Boston  and  Vicinity.  (Con- 
taining Bibliography  of  Subject.)  Proc.  Boston  Soc  Nat  Hist.,  VoL 
19,  pp.  217-37. 

On  the  Granite  of  North  Jay,  Me.    Ibid.,  pp.  237-38. 

1878. 

GHAMBERLIN,  T.  C. 

Geology  of  Wisconsin,  1873-77,  ii.,  768  pp.,  with  maps.  Reports  by 
Messrs.  I.  A.  Lapham,  O.  W.  Wight,  T.  C.  Chamberlin,  R.  D.  Irving, 
C.  £.  Wright  and  Moses  Strong. 

CLAYPOLE,  E.  W. 

On  the  Pre-Glacial  Geography  of  the  Region  of  the  Great  Lakes.  Canadian^ 
Nat.  and  Geol.,  1878  (2),  viii.,  187-206. 

DANA,  JAMES  D. 

Manual  of  Mineralogy  and  Lithology.    New  York,  1878,  474  pp. 

HUNT,  T.  STERRY. 

Chemical  and  Geological  Essays.    Boston,  1874,  489  pp. ;  Revised  Edition,^ 

Salem,  1878. 
Azoic  Rocks,  Part  I.,  1878.    Second  Geol.  Surv.  of  Penn.,  E,  253  pp. 
On  the  Geology  of  the  Eozoic  Rocks  of  North  America.  (Abstract)  Proc 

Boston  Soc.  Nat.  History,  Vol.  19,  pp.  276-79. 

LE  CONTE,  JOSEPH. 

Elements  of  Geology ;  a  text-book  for  colleges  and  for  the  general  reader.. 
New  York,  D.  Appleton  &  Co.,  588  pp.,  8vo. 

LAFLAMME,  L'ABBE  J.  C. 

Note  sur  le  Contact  des  Formations  Paleozoiques  et  Arch^ennes  de  la  Prov- 
ince de  Quebec.  Trans.  Roy.  Soc.  Canada,  Vol.  IV.,  Sec.  IV.,  pp.  43- 
47. 

MACFARLANE,  JAMES. 

Geologist's  Traveling  Hand-book,  New  York,  1878,  261  pp. 

PUMPELLY,  RAPHAEL. 

Metasomatic  Development  of  the  Copper-bearing  Rocks  of  lake  Superior 
Proc.  Am.  Acad.,  1878,  xiii.,  253-309. 
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SELWYN,  AliFKED  R.  C- 

The  Stratigraphy  of  the  Quebec  Groap  and  the  Older  Crystalline  Rocks  or 
Canada.    Greol.  Surv.  of  Canada,  Report  of  Progress,  1877-78,  A.  15  pp. 
Reprinted  in  the  Canadian  Nat.  and  Geol.,  1879  (2),  ix.,  17-32. 

SPENCER,  J.  W. 

Lake  Superior. — On  the  Nipigon  or  Copper-bearing  Rocks  of  lake  Superior, 
with  Notes  on  Copper  Mining  in  that  Region.  Canadian  Nat.  and  Geol.  y 
1878  (2),  viii.,  55-81. 

WADSWORTH,  M.  E. 

Notes  on  the  Petrography  of  Quincy  and  Rockport.  Proc.  Bost.  Soc.  Nat. 
Hist.,  xix.,  pp.  309-16. 

WRIGHT,  CHARLES  E. 

First  Annual  Report  of  the  Commissioner  of  Mineral  S  tatistics  of  the  State 
of  Michigan  for  1877-78.    Marquette,  1879,  229  pp. 

WIXCHELL,  N  H. 

Notes  on  the  Line  of  the  Northern  Pacific  Railroad,  and  in  Morrison 
County,  Minn.  Sixth  Report  Geol.  and  Nat.  Hist.  Surv.  Minn.,  pp.  45- 
53. 

1870. 

BLANDY,  JOHN  F. 

The  lake  Superior  Copper  Rocks  in  Pennsylvania.  Trans.  Am.  Inst.  Min. 
Eng.,  1879,  vii.,  331-333,  336. 

CHAMBERLU^,  T.  C. 

Geology  of  Wisconsin.  1873-79,  iii.,  763  pp.,  with  maps.  Reports  by 
Messrs.  R.  D.  Irving,  R.  Pumpelly,  A.  A.  Julien,  C.  E.  Wright,  E.  T. 
Sweet,  T.  B.  Brooks,  A.  Wichmann,  T.  C.  Chamberlin,  and  T.  S.  Hunt. 

CROSBY,  WILLIAM  O. 

On  a  Possible  Origin  of  Petrosiliceous  Rocks.    Proc.  Bost.  Soc.  Nat.  Hist., 

1879,  XX.,  160-169. 
Evidences  of  Compression  in  the  Rocks  of  the  Boston  Basin.    Ibid.,  xx., 

pp.  308-313. 

DANA,  J.  D. 

On  the  Hudson  River  Age  of  the  Taconic  Schists,  and  on  the  Dependent- 
Relations  of  the  Dutchess  County  and  Western  Conn.  Limestone  Belts. 
Am.  J.  Sci.,  3d  series.   Vol.  17,  375-388;  Vol.  18,  pp.  61-^4. 

FRAZER,  PERSIFOR,  Jr. 

The  lake  Superior  Copper  Rocks  in  Pennsylvania.  Trans.  Am.  Inst.  Min. 
Eng.,  1879,  vii.,  336-339. 

HALL,  CHARLES  E. 

Lanrentian  Magnetic  Iron  Ore  Deposits  of  Northern  New  York,  accompa- 
nied by  a  geological  map  of  Essex  county.    Report  of  the  State  Geologist- 
of  N.  Y.,  1884,  pp.  23-34.    With  a  supplementary  note  dated  December, 
1884. 
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HUNT,  T.  STIE^BRY. 

The  lake  Superior  Copper  Bocks  in  Pennsylvania.    Trans.  Am.  Inst.  Min. 

Eng.,  1879,  vii.,  333-336,  339. 
The  History  of  some  Pre-Cambrian  Rocks  in  Europe  and  America.    Am. 

Jour.  Sci.,  Vol.  19,  pp.  268-283;  A.  A.  A.  S.,  Vol.  28,  pp.  279-296. 

IRVING,  ROLAND  D. 

Note  on  the  Stratigraphy  of  the  Hnronian  Series  of  Northern  Wisconsin; 
and  on  the  Equivalency  of  the  Hnronian  of  the  Marquette  and  Penokee 
Districts.     Am.  Jour.  Sci.,  1879  (3),  xvii.,  393-398. 

MACFARLANE,  THOMAS. 

Remarks  on  Canadian  Stratigraphy.  Canadian  Nat.  and  Geol.,  1879  (2), 
ix.,  91-102. 

MOSL.ER,  CHR. 

Der  Kupferhergbau  am  Obern  See  in  Nordamerika.  Zeitschr.  Berg.  Hiitt. 
Salin.,  1877,  Abhandlungen,  xxv.,  203-221;  1879,  xxvii.,  77-97. 

49HALiER,  N.  S. 

Notes  on  Certain  Evidences  of  a  Gradual  Passage  from  Sedimentary  to  Vol- 
canic Rocks  shown  in  the  Brighton  District  of  Boston.  Proc.  Boston 
Soc.  Nat.  Hist.,  Vol.  20,  pp.  129-133. 

WICHMANN,  ARTHUR. 

A  Mictoscopical  Study  of  some  Hnronian  Clay  Slates.  Quart.  Jour.  Geol. 
Soc,  1879,  XXXV.,  156-164. 

WINCHELL,  N.  H. 

Seventh  Annual  Report  on  the  G^l.  and  Nat.  Hist.  Sur.  of  Minnesota. 
Has  a  general  account  of  the  Mining  Geology  of  the  region  of  lake  Supe- 
rior in  Minnesota,  and  a  field  report  by  C.  W.  Hall. 

1880. 

BAILEY,  L.  W. 

On  the  progress  of  Geological  Investigation  in  New  Brunswick,  1870-1880. 
Proc.  Am.  Assoc.  Ad.  Set,  Vol.  XXIX.,  pp.  416-421. 

BAILEY,  L.  W.,  G.  F.  MATTHEW,  and  B.  W.  ELLS. 

Report  on  Geology  of  Southern  New  Brunswick,  embracing  the  counties 
of  Charlotte,  Sunbuiy,  Queens,  Kings,  St  John  and  Albert  Geol.  Sur* 
vey  of  Canada.  Reports  for  1878-79,  D,  pp.  1-26. 

BELL,  ROBERT. 

Report  on  Explorations  on  the  Churchill  and  Nelson  rivers  and  around  God*s 
and  Island  lakes,  1879.  Geol.  Survey  of  Canada  for  1878-79,  C,  pp.  1-72. 

BENTON,  E.  R. 

The  Amygdaloidal  Melaphyr  of  Brighton,  Mass.  Proc.  Boston  Soc  Nat 
History,  Vol.  20,  pp.  416-426. 

BROOKS,  T.  B. 

Geology  of  the  Menominee  region.  Geol.  of  Wisconsin,  Vol.  III.,  Part  7, 
pp.  430-^99. 
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by  H.  V.  Winchell,  185-144,  by  U.  a  Grant 
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Prqf.  John  Holzinger;  papers  on  the  Cretaceous  fossils  in  the  boulder  clays  in  the  Northwest, 
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H.  Winehell.  Containing  summary  reporf,  notes  on  some  deep  wells  in 'Minnesota,  descrip- 
tions of  four  new  species  of  fossils,  a  supposed  natural  alloy  of  copper  and  silver  from  the 
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Penokee  iron-bearing  rocks,  on  the  formations' of  Northeastern  Minnesota  (including  the 
physical  aspects,  vegetation,  quadrupeds  and  other  vertebrates),  the  geology  of  the  r^ton 
northwest  from  Vermillion  lake  to  Rainy  lake  and  of  the  Little  and  Big  Fork  rivers ;  also 
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THE  UNIVERSITY  OF  MINNESOTA, 

Minneapolis,  March  3, 1890. 
To  ihe  President  o/the  University. 

Dear  Sib:  With  the  round  of  another  year  I  herewith  report 
the  progress  made  in  the  geological  and  natural  history  survey  of 
the  state.  During  the  year  there  has  been  considerable  interrup- 
tion incident  to  the  removal  and  installment  of  the  museum  and 
survey  headquarters  in  the  new  Science  Hall.  This  was  aggra- 
vated by  the  fire  which  unfortunately  broke  out  in  the  building  in 
the  latter  part  of  December,  and  which,  while  not  consuming  much, 
yet  so  damaged  the  rooms  and  their  contents  that  it  necessitated 
the  renovation  of  the  entire  building,  and  the  cleaning  of  most  of 
the  specimens  and  apparatus.  This  report  gives  an  idea  of  the 
progress  that  is  being  made  in  the  intricate  geology  of  the  north- 
eastern part  of  the  state,  and  of  the  economic  resources  that  are 
being  developed  there.  That  part  which  discusses  the  iron  ores  of 
the  state  is  planned  to  be  published  as  a  separate  bulletin  of  the 
survey. — Bulletin  No.  6.  It  is  'accompanied  by  numerous  illus- 
trations and  a  geological  map. 

Respectfully,  your  obedient  servant, 

N.  H.  WiNOHELL, 

State  Geologist  and  Curator  of  the  General  Museum. 


REPORT. 

I. 

Summary  Statement  for  1889. 

There  was  not  much  field-work  done  in  1889.  This  was  due  to 
the  change  from  field-work  to  office  and  laboratory  work  which  was 
announced  in  the  last  annual  report  incident  on  the  commencement 
of  the  final  report  on  the  northern  part  of  the  state.  In  July,  how- 
ever, a  special  reconnoissance  was  made  of  the  iron-deposits  and 
the  mines  at  Tower  and  Ely,  in  order  to  get  some  details  of  the 
relations  of  the  ore-bodies  to  the  country  rock  as  developed  about 
the  works,  and  of  the  methods  of  mining  and  transportation.  In 
some  directions  this  review  was  extended  into  the  surrounding 
country  whenever  there  was  promise  of  new  facts  either  economic 
or  scientific.  This  re-examination  resulted  in  the  acquirement  of 
of  many  interesting  facts  of  detail,  and  in  the  establishment  or  the 
rejection  of  some  hypotheses  as  to  the  origin  of  the  ore  bodies,  and 
the  genetic  history  of  the  rocks  embracing  them.  It  was  thought 
that  with  the  light  of  the  field  observations  made  during  the  pre- 
vious three  years  fresh  in  mind,  and  with  all  the  known  theories  of 
the  ore  and  of  the  general  geology  that  had  been  proposed  whether 
by  the  Minnesota  survey  or  by  others,  immediately  and  continually 
under  test  and  application,  such  a  careful  investigation  would  be  a 
valuable  preparation  for  the  discussion  of  the  crystalline  rocks 
which  was  contemplated,  and  especially  for  the  exposition  of  the 
iron  ores  contained  in  Bulletin  No.  6.  This  review  was  made  in 
conjunction  with  Mr.  H.  Y.  Winchell;  and  inasmuch  as  the  pro- 
f^ress  of  the  investigation  here,  as  elsewhere*  has  been  frequently 
the  result  of  our  joint  work  and  mutual  co-operative  study,  the 
bulletin  devoted  to  the  iron  ores  herewith  transmitted  bears  our 
joint  authorship. 

Within  the  past  year  two  other  bulletins  have  been  published, 
viz.,  Natural  Oas  in  Minnesota,  and  The  History  of  Oeological 
Surveys  in  Minnesota, 

The  Legislature  of  1889  failed  to  make  provision  for  the  publica- 
tion of  the  two  final  volumes  of  the  survey  report  referred  to  in  the 
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last  annual  statement.  This  failure,  however,  was  not  due  so  much 
to  indifference  on  the  part  of  the  Legislature  as  a  whole,  as  to  the 
unfriendly  manipulation  of  some  of  the  committees,  and  the  neg- 
lect of  the  public  officials  having  in  charge  the  estimates  and  rec- 
ommendations for  the  current  expenses.  The  reports  of  the  Borvey 
were  eagerly  sought  by  all  the  legislators,  both  for  themselves  and 
for  their  friends.  They  were  aggrieved  when  they  found  that  by 
law  this  distribution  was  not  wholly  gratuitous  and  instant,  and 
they  desired  the  publication  of  the  final  volumes  as  fast  as  they  can 
be  got  ready.  The  bill  for  a  law,  however,  making  provision  by  a 
money  appropriation  for  the  printing  of  the  manuscripts  now  on 
hand  was  delayed  by  the  chairman  of  the  committee  having  it  in 
charge  until  it  was  too  late  to  get  the  appropriation  allowed  by  the 
general  finance  committee  and  acted  on  by  both  houses  of  the  Lieg- 
islature.  The  same  will  be  offered  for  publication  at  the  next  ses- 
sion of  the  Legislature  (1891). 

In  the  summer  of  1889  the  museum  and  all  tLe  paraphernalia  of 
the  survey  were  removed  from  the  ''main  building'*  of  the  Univer- 
sity, where  it  has  been  located  since  1872,  to  the  new  Science  Hall. 
The  building  was  not  yet  completed,  but  the  removal  had  to  be 
made  to  give  opportunity  to  fit  the  old  rooms  for  other  use  prior 
to  the  opening  of  the  fall  term  of  the  University.  The  building  was 
nearly  finished,  and  some  work  had  been  given  to  the  museum  and 
to  the  equipment  of  the  various  rooms,  and  plans  had  been  entered 
upon  for  office  and  laboratory  work,  when  another  interruption  waS 
suffered  (Dec.  — )  by  the  (supposed)  spontaneous  starting  of  a  fire 
in  the  engine  room,  where  painters  had  been  at  work  with  naphtha 
and  white  lead.  This  kept  the  survey  work  largely  in  abeyance 
till  about  Feb.  15,  1890,  when  the  building  had  been  again  suffi- 
ciently restored,  and  the  damaged  rooms  renovated,  to  permit  of 
their  regular  occupancy.  Thus  it  will  be  seen  that  the  work  of 
more  than  six  months  has  been  so  broken  and  unsatisfactory  that  it 
will  not  permit  a  very  cheerful  view  to  be  taken  of  the  aggregate 
progress  of  the  year.  Still,  unless  some  other  unfavorable  cause 
interfere,  the  commodious  rooms  now  occupied  by  the  survey  for 
office,  drafting  room,  laboratories,  museum  and  storage,  will,  when 
fully  equipped  with  apparatus,  and  the  library  with  reference  books, 
warrant  the  expectation  that  the  nicer  researches  that  remain  to  be 
done  in  order  to  "finish"  the  survey  of  the  state,  will  go  forward 
with  ease  and  dispatch. 

The  Museum  now  needs  replenishing.  The  room  that  is  given  to 
it  is  more  than  four  times  as  large  as  that  which  it  occupied  in  the 
other  building,  and  numerous  new  cases  ought  to  be  constructed. 
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This  is  true  particularly  of  the  zoological  collections,  which  have 
been  put  in  the  special  charge  of  professor  Nachtrieb.  In  the 
geological  moseam,  while  the  old  eases  have  been  refitted  and  made 
to  answer  for  the  present,  there  is  a  need  of  mineralogical  speci* 
mens  and  there  will  be  soon  need  oi  other  cases  for  exhibition. 
Some  of  the  specimens  of  the  Eunz  collection  purchased  in  1S76 
have  been  lost  Many  of  them  are  permanently  removed  from  ex- 
hibition in  the  museum  and  stored  in  the  geological  lecture  room. 
Indeed  many  of  the  unique  and  attractive  specimens  formerly 
kept  in  the  museum  for  exhibition  have  been  missing  from  their 
places  from  that  cause  for  some  years,  and  some  have  been  badly 
damaged.  The  mineral  collection  has  thus  inevitably  deteriorated, 
and  ought  to  be  replenished  by  occasional  purchase.  Of  course 
donations  aid  in  keeping  the  collections  (i.  e.  the  cases)  apparently 
full,  but  donations  do  not  supply  first-class  material. 

State  Park.  1  wish  to  call  the  attention  of  the  regents,  and 
through  their  report,  the  attention  of  the  public  and  the  Legislature 
to  the  propriety  of  asking  a  reservation  of  land  for  a  state  park  in 
some  section  in  the  northern  part  of  the  state.  The  geographic 
positon  of  Minnesota  is  on  that  border  land  which  exhibits  the 
transition  of  the  forested  area  into  the  prairie.  It  hence  preserves 
the  f  aunal  and  floral  characteristic  of  both,  and  within  its  territory 
must  be  studied  by  naturalists  the  mutual  modifications  and  inter- 
changes which  the  near  neighborhood  and  contact  of  different  phy. 
sical  features  always  imprint  on  the  native  vegetation  and  animal 
life  found  therein.  By  settlement  and  long  habitation  the  natural 
conditions  are  destroyed  and  the  natural  laws  that  could  perhaps 
be  discovered  by  an  examination  of  them  in  their  original  state, 
are  never  known.  Hence  as  long  as  the  natural  conditions  exist 
the  state  of  Minnesota  will  be  visited  by  students  and  collectors 
interested  in  natural  science  for  the  purpose  of  investigation,  and 
this  will  bring  Minnesota  into  prominent  recognition  in  scientific 
literature  and  secondarily  into  scientific  and  economic  research.  It 
hence  behooves  the  State  to  preserve,  to  such  extent  as  may  be 
found  desirable  and  feasible,  these  natural  and  aboriginal  condi- 
tions, and  for  this  purpose  there  is  no  better  method  than  to  re- 
serve from  sale  and  settlement  some  considerable  tract  where  they 
may  not  be  destroyed. 

Again  the  state  should  have  a  large  public  park  because  of  the 
healthful  resort  that  it  ould  afford  for  those  living  in  cities,  and 
for  those  who,  coming  from  further  south,  seek  in  summer  the  in- 
vigorating effect  of  northern  latitudes.  The  attractions  of  a  multi- 
tude of  lakes,  rivers  and  rivulets  of   limpid  and  pure  water,  are 
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confineH  in  the  Uoited  States,  to  the  northern  tier,  where  the 
tumuli  of  the  glacial  epoch  formed  the  depressions  and  natural 
reservoirs  of  gravel  and  sand,  such  as  mark  its  moraines  from 
Maine  to  Minnesota.  In  Dakota  these  lines  of  tumuli  pass  across 
the  prairies  northwestward  to  the  line  of  British  America  and  do 
not  return  again  sensibly  within  the  United  states,  Hence  it  is 
within  Minne&3ta  that  exists  the  last  opportunity  to  preserve  the 
pristine  conditions  of  that  unique  combination  of  physical  and 
faunal  relations  which  alike  distinguishes  them  from  all  other 
natural  surface  conditions  in  the  United  States,  and  has  attracted 
to  them  always  the  venturesome,  wandering  explorer,  the  artist,  the 
geologist,  and  the  hardy  frontier  settler. 

This  park  should  be  located  either  in  the  region  northeast  of 
lake  Superior,  enclosing  some  of  the  rock-bordered  and  rook-bot- 
tomed lakes  that  are  a  natural  curiosity  to  every  traveler,  or  in  the 
area  about  the  head  waters  of  the  MississippL  Qeneral  J.  H.  Baker, 
when  surveyor-general  of  Minnesota,  some  years  ago,urged  that  such 
a  park  be  established  on  the  international  boundary  line  north  of 
lake  Superior,  and  specified  the  region  of  lake  Saganaga.  Since 
then,  the  region  of  the  Itascan  source  of  the  Mississippi  river  has 
come  into  prominence,  and  it  has  served  as  the  topic  of  several 
explorations  and  new  ''journals,"  which  have  given  it  already  a 
renown  equal  to  the  earlier  historic  interests  that  cling  to  it  since 
the  days  of  Lieut,  Allen,  of  H.  B.  Schoolcraft  and  Jean  Nicollet 
These  artificial  elements  enter  strongly  into  the  question  of  mak- 
ing the  selection  for  a  state  park,  and  bear  heavily  in  favor  of  the 
sources  of  the  Mississippi  for  such  a  selection.  There  is,  fortu- 
nately, a  perfect  exemplification  of  the  natural  surface  features 
that  characterize  the  glacial  moraines  of  the  state  within  a  few 
miles  of  the  Itasca  lake,  and,  indeed,  they  give  outline  and  location 
to  the  entire  Itascan  basin,  and  would  thus  serve  to  embrace, 
within  easy  access  or  in  combination,  both  the  natural  and  the 
artificial  considerations.  This  region  is,  moreover,  remote  from 
lake  Superior,  and  its  attractions,  by  contrast  with  the  surround- 
ing country,  would  be  hightened  in  the  mind  of  every  visitor. 
Whereas,  in  the  northeastern  part  of  the  state,  lake  Superior  and 
its  attendant  waters  and  surrounding  hills,  dominate  the  districtso 
that  no  selection  could  be  made  whose  attractions  would  rise  above 
those  of  the  great  lake  itself. 

It  is  presumed  that  there  would  be  no  difficulty,  whether  in  the 
northeastern  or  the  northwestern  part  of  the  state,  or  even  in  bothi 
in  getting  the  consent  and  cooperation  of  the  United  States  govern* 
meat  by  the  withdrawal  of  the  lands  concerned  from  the  market, 
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and  perhaps  of  any  private  parties  who  may  have  received  some  of 
the  lands  from  the  United  States,  or  from  the  State  of  Minnesota. 
At  any  rate,  no  time  shoald  be  lost  in  entering  upon  the  project, 
because  of  changes  and  increased  difficulties  that  will  render  it 
impossible  not  many  years  hence. 

The  laboratory  and  office  of  the  survey  ought  to  be  supplied  with 
apparatus  and  books  needed  for  the  work  that  lies  immediately 
before  it  This  is  a  matter  of  absolute  necessity.  It  were  better 
that  all  other  expenses  cease  entirely  till  there  be  sufficient  funds 
for  this  necessity)  or  that  a  special  appropriation  be  made  by  the 
Legislature  to  provide  them. 

II. 

Reoobd  of  Field-Observations  in  1888. 

On  the  Mesabi  Iron  Range.  Mallmann's  mining  camp  is  on 
the  Duluth  and  Iron  Bange  railroad,  about  two  miles  south  of 
Hinsdale  on  the  Giant's  range  of  granite  hills.  The  working  is 
for  iron  ore.  There  are  a  number  of  pits  or  shafts  sunk  to  the 
rook,  from  16  to  60  feet  in  depth,  and  they  have  uniformly  encoun- 
tered the  same  magneto-bedded  rock  that  Chester  did  on  the  Me- 
sabi range  a  few  miles  further  northeast*  and  of  a  character  iden- 
tical with  that  seen  near  the  west  end  of  Qunflint  lake,**  both  being 
a  part  of  the  Animike,  and  probably  in  the  lower  portion  of  ii 
About  half  a  mile  further  south  is  a  cut  by  the  railroad  in  real 
Animike  slate.  Some  of  the  ore  he  finds  is  hematite,  and  he  hopes 
to  get  enough  that  is  hematite  to  warrant  his  enterprise.  This 
working  is  just  west  from  the  "red  cut"  which  is  mentioned  in  the 
13th  report  in  giving  a  description  of  a  trip  to  Tower»  and  in  one 
of  the  shafts  he  has  struck  this  red  hematite  mass.  The  rock 
seems  to  be  more  rotted  in  this  red  mass. 

This  magneto-bedded  rock  is  nondescript.  It  has  been  referred 
to  sometimes  as  quartzyte,  but  it  generally  contains  not  enough 
free  quartz  to  entitle  it  to  that  designation,  li  is  gray,  medium- 
grained,  sometimes  fine-grained,  has  a  mineral,  apparently  a  feld- 
spar, that  changes  by  rot  toa  whitekaolinic  substance,  or  to  a  rusty 
powder,  and  is  the  rock  in  which  is  scattered  the  magnetite  ore 
both  here  and  at  Gunflint  lake,  as  well  as  at  Chub  ( Akeley)  lake. 
This  ore  is  in  lenticular  bunches,  elongated  in  the  direction  of  the 
general  bedding,  and  is  generally  not  pure  magnetite,  but  is  seen 
to  increase  and  fade  again  in  the  midst  of  the  rock,  sometimes 

•  See  Eleventh  Annual  Report,  p.  166 
**  See  Sixteenth  Report,  pp.  80. 267. 
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extending  in  parallel  bands  from  half  an  inch  to  an  inch  wide,  and 
a  foot  or  more  in  length.  It  is  this  same  rock  which  accompanies 
the  hematite,  which  inspires  Mallmann  with  fresh  hope.  Appar* 
ently  the  hematite  is  disseminated  in  it  in  the  same  way  as  the 
magnetite.  Mallmann  is  confident  the  ore  here  is  the  same  as  the 
ore  mined  at  Tower,  and  in  the  same  kind  of  rock — a  mistake  which 
we  tried  to  correct.  There  is  no  question  but  the  vertical  greenish 
schists  and  gray  wackes  seen  at  the  Tower  mines  are  repeated  south 
of  the  Giant's  range,  and  pass  uncomformably  below  the  Animike 
along  the  line  of  strike  all  the  way  from  Qunflint  lake  to  this  point* 
and  that  they  may  be  encountered  after  passing  through  the  slates 
and  quartzytes  of  the  Animike.  It  is  likely  also  that  they  are  as  apt 
to  carry  iron-ore  lenses  on  the  south  side  of  that  range  as  on  the 
north  side.  But  owing  to  the  prevalence  of  the  drift,  and  the  con- 
cealment of  these  schists  by  the  overlapping  of  the  Animike,  it 
would  be  a  herculean  and  problematical  task  to  seek  to  find  such 
ore  bodies  by  shafting  through  the  Animike.  It  would  not  be 
impossible  that  a  shaft  should  go  down  through  the  Animike,  and 
should  encounter  one  of  these  ore  bodies  in  the  Keewatin,  but  the 
chances  against  such  an  event  would  be  many  thousands  to  one. 
It  is  probable  therefore  that  all  the  ore  found  by  Mallmann  here  is 
from  the  Animike  beds. 

Observations  about  Tower.  We  visited  again  the  vertical  black 
slaty  crag  north  of  Tower,  in  the  southern  slope  of  the  south  ridge 
(photographed  in  1886),  and  noted  the  abrupt  and  uncomformable 
transition  from  the  slate  to  the  green  schist.  This  occurs  a  little 
west  from  the  crag,  and  in  a  lower  place.  There  is  no  indication 
that  either  underlies  or  overlies,  as  the  line  of  contact  is  on  a 
nearly  horizontal  plane  surface.  The  structure  and  bedding  of  the 
elate  is  interrupted  somewhat  obliquely  by  that  of  the  schist,  and 
shows  plainly  some  kind  of  unconformity.  This  slate  is  siliceous 
and  has  all  the  banding  of  the  jaspilyte,  but  is  not  colored.  A  little 
further  north  it  is  like  jaspilyte.  Indeed,  it  passes  into  the  rock 
which  is,  or  which  becomes,  or  which  embraces  the  ore. 

Thence  we  went  further  west  and  after  considerable  search  we 
found  the  low,  bare,  slaty  knoll,  consisting  of  fissile  slate,  which 
was  mentioned  in  the  report  of  **1886,  in  which  was  recorded  a 
gradual  passage  from  the  clay  slate  to  the  chlorite  slate  of  the 
region.  We  examined  it  to  find  sedimentary  banding.  While  this 
banding  is  not,  in  the  knoll,  characteristically  exhibited,  yet  there 

^Compare  H.  V.  Winchell's  report  on  this  region,  17th  report,  pp.  88-0. 
••Fifteenth  report,  p  267. 
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are  some  long,  parallel,  color-bauds,  about  one-sixteenth  to  one-half 
inch  wide,  that  appear  to  be  due  to  sedimentary  action.  It  is  note- 
worthy that  throughout  this  knoll  of  clay  slate,  generally  no  such 
bands  are  yisible.  This  may  be  due  to  the  shattered  condition  of 
the  rock  and  the  obliteration  of  an  original  structure  by  the  pro- 
cess of  acquiring  the  slatiness.  Toward  the  east,  the  slate,  fol- 
lowed along  the  strike,  evidently  gets  more  and  more  siliceous^  till, 
after  some  intervals  of  non-observation  due  to  drift  and  to  brush, 
it  is  converted  into  jaspil^te,  first  passing  through  the  condition  of 
the  slate  crag  described  above.  But  there  is  in  the  midst  of  this 
slate,  further  east,  a  little  greenish,  coarse  sericitic  and  quartzose 
slaty-rock  (No.  1605),  apparently  alternating  with  the  clayey  slate, 
which  may  be  the  parallel  of  the  schist  seen  to  alternate  with  the 
jaspilyte  rock,  as  at  the  railroad  cut  south  of  the  Stone  mine.  This 
indicates  that,  as  formerly  suppossjd,  there  is  a  close  alliance 
between  the  day  slate  and  the  green  schist,  or  at  least  a  schist 
which  cannot  with  any  certainty  or  satisfaction  be  distinguished 
from  it,  and  again  an  alliance  that  implies  some  community  of 
origin  and  structure  between  all  three  of  these  schists.  In  follow- 
ing the  strike  along  toward  the  east  from  this  knoll  we  saw  a  bed 
about  fourteen  inches  thick  of  such  green  schist  (but  rather  darker 
and  coarser  grsLijied),  imbedded  in  the  jaspilyte*^.  The  lack  of 
sedimentary  signs. (t.  e.,  the  general  lack)  caused  me  to  query 
whether  the  eruptive  green  schists  could  become  changed  to 
argillyte,  but  on  finding  some,  not  very  distinct,  trace  of  bedding, 
and  especially  on  seeing  the  argillyte  bed  change,  in  the  direction 
of  its  strike,  apparently  first  to  siliceous  slate  and  then  to  jaspilitic 
beds,  the  conclasion  is  found  inevitable  that  the  argillyte  at  least  is 
an  originally  sedimentary  rock. 

But  this  leaves  to  still  be  accounted  for  the  green  (or  gray  when 
siliceous)  schist  which  usually  resembles  closely  the  green  schist 
which  is  supposed  to  be  of  originally  eruptive  origin,  seen  inter- 
bedded  with  the  argillyte.  On  the  suppositions  that  it  is  of  iden- 
tical genetic  origin  with  the  eruptive  green  schist,  it  may  be  sup- 
posed to  have  been  brought  there  by  slight  eruptions  at  the  time 
of  the  sedimentation  of  the  argillyte,  and  that  would  rather 
require  that  all  the  supposed  eruptive  green  schist  which  embraces 
the  jaspilyte,  originated  in  the  same  way,  i.  e,  in  a  manner  similar 
to  the  eruptive  sheets  of  the  Cupriferous,  and  is  now  interbedded 
in  the  great  (Eeewatin)  formation,  as  schists,  in  the  same  manner. 
This  would  make  the  eruptive  green  schists  date  from  the  time  of 

Hkimvtap  BoUetin  No.  6,  wh«re  saoh  a  lAyer  of  silioioos  green  sohUt  ie  deeoribed  on  the 
north  elope  of  the  **aorth  ridge,"  embrsoed  in  the  contorted  jespil^te. 
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the  Eeewatin  itself,  and  the  greeo  schists  would  be  found  to  be,  on  a 
large  scale,  conformable  with  the  adjacent  rock,  instead  of  being  of 
the  nature  of  later  overiiows  and  uncomformable  with  it.  The 
la,tter  supposition  was  expressed  in  the  15th  annual  report.*  I  do 
not  know  that  there  is  any  necessary  and  known  objection  to  that 
hypothesis.  It  would  be  necessary  still  to  account  for  the  rock 
having  now  the  condition  and  structure  of  a  schist  and  for  its 
being  sometimes  the  matrix  for  a  multitude  of  fine  pebbles  of 
jaspilyte. 

But  it  is  not  by  any  means  certain  yet  that  this  gray  schist  ( 1505) 
is  identical  with,  or  can  be  found  to  grade  into,  the  great  body  of 
green  schist  of  the  region,  so  that  they  can  be  embraced  in  the 
same  general  hypothesis. 

We  went  over  the  south  ridge  at  the  Lee  mine  and  west  from 
there,  and  the  following  facts  were  noted: 

1.  In  some  places  the  jaspilyte  is  wonderfully  brecciated  over 
large  areas,  the  same  parts  again  cemented  by  the  ferruginated 
granular  silica,  or  by  the  same  in  a  finer  breccia,  so  that  the  gen- 
eral mass  is  as  hard  as  the  jaspilyte  unbroken,  and  in  this  condi- 
tion shows  large  glaciated  areas. 

2.  When  broken  less  minutely  the  cement  is,  in  some  other 
places,  pure  hematite,  and  when  this  has  accumulated  in  large 
enough  masses,  filling  pre-existing  cavities  whose  forms  it  takes  on, 
it  is  valuable  as  ore,  and  as  such  is  the  principal  basis  of  the  work- 
ing of  the  Lee  mine. 

3.  This  accumulation  of  hematite,  or  re-cementation,  took  place 
before  the  deposition  of  any  vitreous  silica,  or  before  any  observ- 
able *'Bilicification." 

4.  Chemical  (i.  e.,  vitreous)  silica  was  afterward  deposited  in 
openings  and  geodes  in  this  hematite,  and  in  veins  crossing  both 
the  hematite  and  the  jaspilyte,  this  being  the  last  observable  step. 

5.  I  do  not  see  hematite  veins  crossing  chemical  silica  veins. 

6.  Hematite  veins  cross  jaspilyte  in  all  its  forms,  whether  in 
breccia  or  as  undisturbed  strata  in  the  jaspilyta 

7.  Chemical  silica  veins  and  nodules  occur  latest  and  cross  the 
hematite  and  also  the  jaspilyte. 

This  se0ms  to  show  that  there  were  two  processes  after  the  de- 
position of  the  original  sediments  forming  the  jaspilyte,  viz.,  a  fer- 
ruginization  and  a  silicification,  and  that  the  former  preceded. 
But,  as  already  argued  in  the  fifteenth  report,  the  chalcedonic 
silica  was  not  concerned  in  either  of  them,  except  that  the  rounded 

*Pttge  221, 280,822. 
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^ains  have  become  angular  by  deposition  of  interstitial  silica. 
Samples  1506  show  the  relations  of  the  chemical  silica  to  the  hema- 
tite,  and  1507  show  the  brecciated  jaspilyte  cemented  by  a  finer 
breccia  of  the  same. 

On  Chester  Peak  (or  Jasper  Peak,  so  generally  called  at  Tower), 
on  the  northwest  side  and  shoulder,  the  jaspilyte  dips  north  at  an 
angle  of  about  eighty  degrees.  It  suddenly  changes  and  dips  west 
at  seventy-fiye  degrees,  then  as  suddenly  changes  and  dips  east  at 
seventy-five  degrees.  It  then  veers  round  on  the  apex  of  the  hill 
BO  as  to  dip  northeast  at  seventy  degrees.  In  the  easterly  part, 
which  is  lower,  the  dip  is  north  again.  The  hill  is  abru(>t  and 
short,  but  elongated  about  east  and  west.  A  stretch  of  drift,  like 
a  morainic  ridge,  rising  about  fifty  feet,  connects  the  hill  with  the 
''north  ridge,"  in  which  are  the  mines  of  the  Minnesota  Iron  Com- 
pany; but  there  seems  to  be  no  rock -ridge  uniting  them.  The ''north 
ridge"  dies  out  toward  the  east,  although  a  series  of  low  hills, 
making  a  lower  range,  can  be  seen  to  run  along  the  south  side  of 
Vermilion  lake  and  eastward.  Toward  the  south  the  range  of  the 
Giant's  hills  can  be  seen  from  where  it  rises,  on  the  south  side,  of 
Birch  lake  to  where  they  run  out  in  the  distance  toward  the  west 
They  have  openings  and  sudden  elevations,  but  are  without  any 
notable  peaks,  the  highest  and  apparently  the  most  important  hills 
being  toward  the  southwest  rather  than  south. 

Numerous  pits  have  been  sunk  by  the  iron  company  to  the  rock 
in  the  vicinity  of  this  peak,  and  between  it  and  the  ''north  ridge". 
Some  of  them  strike  green  schist,  some  a  jaspilyte  without  ore, 
or  a  lean  ore,  and  some  of  them  reveal  good  ore.  But  in  one  of 
them,  at  the  northwestern  base  of  the  peak,  a  black  schist,  soft  and 
(carbonaceous?)  holding  balls  of  pyrite  (1508)  from  a  buUefs  size 
to  two  and  a  half  inches  in  diameter,  was  met  in  the  bottim  of  the 
shaft.  On  the  northern  face  of  this  hill  are  the  green  schists,  seen 
at  the  mines,  mixed  and  twisted  with  the  jaspilyfce.  A  deep  dril  1 
hole  on  the  south  side  of  this  hill  afforded  the  diamond  drill  a 
core  of  porphyrel  at  several  hundred  feet  below  the  surface,  the 
hole  sloping  north. 

Glaciated  surfaces  are  seen  nearly  to  the  top,  and  a  few  boulders 
lie  on  the  very  top. 

Some  small  veins  in  the  brown  jaspilyte  consist  of  white  chalce- 
donic  silica  ( 1509)  crossing  the  jaspilyte  banding.  In  the  imme- 
diate vicinity  are  deposits  of  chemical  silica.  The  existence  of 
chalcedonic  veins  is  a  very  rare  occurrence,  and  has  been  observed, 
though  doubtfully,  but  once  before.  Compare  the  fifteenth  report, 
p.  324,  and  rock  sample  1013.   There  must  be  some  way  to  account 
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for  these  chalcedonic  veins.  They  do  not  appear  to  have  been 
formed  by  mechanical  transposition  of  laminae  in  or  across  the  jas 
pilyte  strata.  They  do  not  have  any  banding  or  crystallization 
like  true  veins.  They  form  a  network  connecting  a  coarse  (and  in 
some  places  a  fine)  breccia  of  brown  fine-laminated  jasper. 
These  are  on  the  exposed  upper  surface  of  the  glaciated  apex  of 
the  knob.  The  silica  is  white,  and  appears  to  have  the  effect  and 
disposition  of  vein  matter  but  not  its  structure.  This  hill  is  in  nw 
i  ne  i  sec.  35,  62-15. 

At  Ely.  The  rock-cuts  all  the  way  from  Tower  to  Ely,  so  far 
as  seen  from  the  train,  are  all  in  the  green  schist,  or  a  green  rock 
more  massive  than  schist  which  imperceptibly  takes  its  place,  and 
at  Ely  is  the  rock  which  has  there  been  described  in  the  field* 
observations  of  1886  (Fifteenth  Beport,  pp.  825-26),  and  which 
extends  from  Ely  to  the  shore  of  Shagawa  (Long)  lake,  and  really 
which  goes  also  to  Fall  lake  and  there  forms  the  falls.  At  the  rail 
road  cut  at  Ely  it  exhibits  some  new  features,  viz: 

1.  It  is  made  up  of  rounded  masses  of  itself,  or  rock  like  itself, 
some  of  them  four  feet  across,  and  some  not  more  than  three  inches. 

2.  The  rock  matter  between  the  rounded  masses  is  darker  green 
than  the  rounded  boulders,  and  squeezes  among  them  in  the  same 
manner  as  green  schists  between  jaspil  yte  boulders  at  Tower.  It 
is  also  more  apt  to  be  a  little  schistose. 

3.  There  is  no  bedding  like  sedimentation,  but  an  angular 
coarse  jointage  like  that  of  eruptive  rock  which  has  flowed  in  a 
broad  sheet  over  the  surface.  The  forms  of  these  boulders  are 
visible  in  the  weathered  surface,  and  their  slickensided  (and  then 
darker)  exteriors  are  shown  on  the  face  of  the  railroad  cut. 

4.  The  boulders  are  frequently  amygdaloidal,  calcite  being  the 
mineral  enclosed;  but  the  cavities  are  rendered  conspicuous  by  the 
easy  weathering  out  of  the  calcite. 

5.  There  is  a  crust  of  somewhat  darker  rock  that  surrounds  the 
interior  of  the  boulders,  and  these  cavities  are  most  abundant  in  it; 
they  are  commonly  in  the  form  of  tubes  that  cross  this  crust 
approximately  at  right  angles,  radiating  as  from  the  centre,  though 
not  reaching  the  centre.  Transverse  to  these  tubes  this  crust 
sometimes  exhibits  a  dim  linear  structure  that  appears  to  be  fluidal. 

6.  This  green  rock  contains  chalcedonic  silica,  disseminated  all 
through  it,  and  it  seems  to  result  from  a  change  in  the  chemical  silica 

7.  This  green  rock  is  of  the  same  genetic  nature,  and  the  same 
in  all  its  physical  aspects,  with  the  exception  of  such  as  can  be  re- 
ferred to  difference  of  weathering,  as  the  Stuntz  Island  conglomer- 
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ate,  but  the  enclosed  boulders  are  less  siliceous  than  the  most  of 
those  in  that  conglomerate. 

8.  The  rock  that  embraces  these  boulders  is  not  usually,  but  is 
rarely,  amyfi^aloidaL  This  is  the  rock  which  I  designated,  in  this 
yicinity  last  year  (1887),  and  before*,  as  modified  graywcake,  but 
it  seems  now  never  to  have  been  in  the  form  of  gray wacke. 

No.  1510  is  a  sample  of  this  green  rock,  showing  the  forms  of 
two  boulders,  and  the  darker-green  rock  separating  them. 

No.  1511  contains  amygdaloidal  portions  of  somejof  the  boulders^ 
showing  the  tubes  perpendicular  to  the  surface,  one  specimen  hav- 
ing a  glaciated  surface.  (Compare  Plate  1,  Sixteenth  Annual  re- 
port). 

No.  1512  has  chalcedonic  silica  from  veins  and  spots  in  the  rock 
1510. 

No.  1513.  Vein  matter  in  No.  1510,  similar  to  1501  which  is 
from  the  so-called  gold-quartz  vein  at  Eagle  Nest  lake. 

In  returning  from  Ely  to  Tower  the  conglomeratic  (or  agglomer- 
atic)  character  of  the  green  stone  was  more  frequently  noticed  at 
the  occasional  cuts.  The  rock  is  angularly  and  cuboidally 
jointed  in  most  of  the  cuts,  with  a  light  green  color,  weathers 
lighter,  but  in  some  cuts  it  is  a  schist  with  a  slaty  tendency  in  dis- 
integration, and  has  doubtless  been  called  sericitic  schist  in  many 
places. 

Southward  from  Tower  this  rock  continues,  as  seen  from  the 
train,  as  far  as  nearly  to  the  gneiss  exposures  that  appertain  to  the 
northern  flank  of  the  Giant's  range.  It  has  been  reported  by  H. 
y.  Winchell**  that  there  is  no  exposure  of  mica  schist  betweer  ite 
last  exposure  and  the  first  of  the  gneiss.  There  is  an  unobserved 
interval,  however,  between  the  two  amounting  to  about  two  miles 
in  which  there  may  still  be  a  narrow  i^li  of  mica  schist. 

[NOTB.  In  the  spring  of  1900  a  belt  of  mlca-boiiiolende  schist  was  exposed  In  some  rail- 
road cuts,  a  few  mlleM  north  of  xut:  Gi^nc  s  ran^e  syenite.^ 

Pokegama  Falls  and  eastward  to  Oriffiris  camp.  At  the 
falls  of  Pokegama  the  dip  of  the  quartzyte  was  carefully  measured 
at  several  points,  with  the  following  results:  Below  the  falls,  8. 
8^  W.  about  15  degrees;  above  the  falls,S.  8^  E.  about  15  degrees; 
at  the  blufF,  on  the  west  side  of  the  river,  a  sixth  of  a  mile  above 
the  falls,  8.  22^  E.  8  degrees. 

The  rock  is  quartzyte,  red  superficially  (from  six  to  twelve 
inches)  and  gray  within.    The  bluff  above  mentioned  is  27  feet 

•Fifteenth  report,  p.  126. 
•^Serenteenth  report,  p.  88. 


14  EIGHTEENTH  ANNUAL  REPORT 

high  above  the  water,  and  the  beds  oompoBing  it  seem  to  strike 
southeastward  to  the  falls.  Mr.  Griffin  says  this  rock  runs  under 
the  river  which  is  the  outlet  to  Fokegama  lake,  and  used  to  oanse 
rapids  at  half  a  mile  below  the  lake,  in  Sec.  23»  T.  55-26.  But  now 
these  rapids  are  covered  by  the  setting  back  of  the  water  into  the 
lake  from  the  Mississippi  from  the  government  dam,  which  is 
built  just  above  the  falls.  He  also  says  he  thinks  he  saw  once  (as 
surveyor)  an  outcrop  of  it  on  Little  Boy  river,  about  in  the  line  of 
strike  from  Fokegama  falls.  H.  Y.  Winchell  also  reports  having 
seen  it  on  Little  Boy  river.  Mr.  Qriffin  also  is  authority  for  an 
outcrop  of  the  same  rock  about  eight  miles  southwest  from  Foke- 
gama falls.  In  1871  or  1872,  as  deputy  surveyor,  he  also  noted 
the  same  rock  north  from  Sugar  lake  (two  or  three  miles)  in  Sea 
6  or  31.  This  rock  appears  to  be  the  Fewabic  quartzyte,  so  named 
much  further  northeast  on  the  southerly  slopes  of  the  Giant's 
range. 

October  18, 1888.  In  the  rain  (there  was  a  drizzling  rain  all  the 
rest  of  the  day)  we  went  to  the  falls  of  Frairie  river,  first  seeing 
the  granite  at  the  upper  falls. 

There  is  a  large  display  here  of  gray  gneiss,  some  of  it  being 
micaceous,  and  some  of  it  having  hornblendic,  dark  masses  and 
belts  cutting  through  it.  In  some  rare  places  it  is  laminated  in 
thin  indistinct  laminae  of  mica  and  feldspathic  sheets.  Its  dark 
belts  and  isolated  masses  recall  the  rock  at  Morton,  on  the  Minne- 
sota river  (see  another  section  of  this  year's  report)  and  north  of 
Vermilion  lake,  but  there  being  so  little  of  this  it  will  not  be  cor* 
rect  to  parallelize  it  with  the  mica-hornblende  series.  It  is  rather 
the  extension  of  the  Giant's  range  rocks,  which  are  mostly  without 
noticeable  micaceous  or  dark  hornblende  laminations,  and  gener- 
ally a  more  massive  rock  than  the  micaceoos  gneisses  of  the  Ver- 
milion series.  At  one  point  on  the  west  bank  of  the  river  there  is 
a  rude  horizontal,  undulating  stratification  or  bedding.  On  the 
east  bank  opposite  this,  however,  the  gneiss  is  conspicuously 
basaltically  jointed  It  is  probable,  therefore,  that  the  former  may 
be  due  to  weathering  up^n  a  spot  where  by  a  shearing  pressure  a 
local  lamination  had  been  superinduced.  There  are  also  in  some 
places  in  the  gneiss,  thin  alternations  with  a  shining  micaceous 
schist  running  about  horizontal,  such  that  the  general  aspect  and 
average  composition  is  quite  different  from  the  rook  in  general 
(see  No.  1523).  Bed  orthoclastic  belts  (1524)  more  coarsely  crys- 
talline, containing  also  coarse  quartz  crystals,  run  irregularly 
through  the  mass.  In  one  ctpot  a  wedge  of  reddish  rock,  associated 
with  chlorite,  making  a  (protogine?)  runs  through  it 
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We  do  not  see  the  contract  of  this  gneiss  with  the  overlying 
qaartzyte.  The  latter  is  seen  at  the  lower  falls  and  while  dipping 
in  the  main  to  the  s.  s.  e.  abont  10  degrees  (sometimes  12  degrees) 
it  undulates  in  one  or  two  syndin^s.  Along  the  top  of  one  of  the 
antiolinals  can  be  seen  a  distinct  fracture,  opening  somewhat 
upward,  as  the  crest  runs  across  the  river. 

Olctcial  marks  here  run  S  10°  E.  (mag.)  and  Mr.  Griffin  says 
there  is  no  magnetic  variation  here. 

No.  1526  (a)  represents  an  incipient  or  pseudo-amygdaloidal 
spottedness  in  this  quartzyte,  which  may  be  allied  to  that  lately 
described  by  Bailey  at  Pigeon  Point. 

No.  1526  shows  another  spottedness  in  this  quartzyte,  the  rhsty 
8i>ot8  weathering  out  and  making  the  sarface  pitted  all  over. 

No.  1527.  So  far  as  can  be  seen  then  comes  on  toward  the  south 
(after  an  unexposed  interval)  a  lot  of  siliceous  and  hematitic  cherty 
beds,  the  hematite  in  some  cases  being  fine,  massive,  nearly  pure, 
and  finely  basaltically  jointed.  These  beds  are  seen  only  about 
five  feet  in  thickness,  and  the  hematite  is  apparently  not  more  than 
six  inches.  No.  1528  represents  some  oE  the  rock  about  at  the 
horizon  of  this  hematite.  No.  1529  somewhat  above  (in  the  beds). 
No.  1528.  This  shows  a  curious  ''streamed''  mixture,  and  brecci- 
ated  bed  of  chalcedonic  silica,  jasper  and  hematite,  with  vitreous 
glassy  silica  filling  veins  or  former  geodic  elongated  cavities  that 
are  embraced  entirely  in  a  casing  of  white  chalcedonic  silica.  The 
highest  part  is  represented  by  1530,  which  has  a  very  different 
aspect  from  1529,  being  a  coarser,  evidently  fragmentaL  rusty, 
siliceous,  somewhat  vesicular  rock,  but  yet  may  be  only  a  modified 
condition  of  1529.  It  has  pure  hematitic  sheets  and  lumps,  and  is» 
in  general,  bedded,  and  dips  conformably  with  the  quartzyte  below, 
in  beds  fron  six  to  ten  inches  thick.  It  is  mainly  a  f elsyte  with 
hematite,  some  of  the  beds  having  the  bloodstone  distribution  seen 
in  some  at  the  east  end  of  Qunflint  lake.  Some  of  the  quartzyte 
that  underlies  is  conglomeritic  (1532)  in  patches,  but  it  is  not  seen 
so  in  any  continued  layers. 

In  making  the  trip  from  Grand  Bapids  to  Griffin's  camp  (see 
sketch-map,  fig.  1,  p  16),we  traveled  eighteen  miles  over  an  execra- 
ble road  in  an  autumn  snow  storm  which  not  only  kept  our  cloth. 
iDg  wet  but  loaded  every  bush  with  dripping  snow  and  water.  As 
we  had  been  in  the  rain  the  greater  part  of  the  previous  day,  and 
returned  the  following  day  in  a  snow  storm  of  the  same  kind  but 
somewhat  cooler  air,  we  found  the  three  days  productive  of  results 
not  entirely  geologic. 
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The  trip  was  very  useful  in  a  geological  sense,  but  it  cannot  be 
said  to  have  afforded  sufficient  evidence  to  answer  the  question  of 
the  true  relation  of  the  Fewabic  quartzyte  to  the  black  slate  of  the 
Animikie.  So  far  as  the  evidence  goes,  unless  there  be  two  great 
quartzytesj  it  seems  to  indicate  that  the  Fewabic  quartzyte  overlies 
the  black  slate,  although  it  is  next  in  contact  with  or  adjoining  the 
granite  all  along  the  south  side  of  the  Giant's  range  and  as  far  west 
as  to  Fokegama  falls,  at  the  latter  place  the  quartzyte  being  separ- 
ated from  the  gneiss  by  an  unexposed  interval  of  unknown  otrata, 
which  is  presumed  to  be  occupied  by  the  Animike  slates  proper. 
This  evidence  consists  in  the  existence  of  the  red  soft  shale  (1533) 
above  the  quartzyte  (1534),  This  shale  is  apparently  the  equiva- 
lent of  the  red  shale  which  have  been  penetrated  in  some  deep  wells 
in  the  central  part  of  the  state  and  found  to  overlie  the  quartzyte 
(the  New  Ulm  quartzyte),  and  also  perhaps  of  the  red  shale  seen 
at  Black  Biver  Falls,  Wisconsin*  on  the  south  side  of  the  ''Tilden 
mound,*'  to  which  it  bears  a  strong  resemblance,  making  thus  the 
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ore  at  Black  Kiver  Falls  the 
eqairalent  of  that  in  the  Adi- 
mike  (Haronian  proper)  in  Min- 
nesota,  to  which  in  its  lithology 
and  general  character  it  has  a 
oloee  Tesemblanofl,  as  Tell  as  in 
its  near  proximity  to  a  corres- 
pooding  range  of  goeissio  hills. 
It  also  oonfirmB  the  opinioD,eIse- 
where  expressed  by  the  writer, 
that  the  Gogebic  ore  is  probably 
in  the  beds  which,  on  the  south 
ebore,  represent  the  Animike  of 
the  i:orth  shore,  instead  of  the 
beds  that  contain  the  ore  depos- 
its at  Veimilion  lake.  The  strao- 
tare  here  is  represented  by  fig- 
ure 2,  showing  an  ideal  section 
ronning  north  and  south  at  Grif- 
fin's camp.  The  horizon  is  there- 
fore  very  near  that  of  the  works 
of  Matlmann,  and  of  the  mines 
in  the  Gogebic  region. 

There  is  yet  one  troublesome 
nnexplained  fact,  which  does  not 
fall  into  place  in  accord  with  the 
idea  that  there  is  bntonequartz- 
yte  and  that  it  overlies  the  black 
elate  nnoonformably,  viz:  The 
ore  mines  on  the  Gogebic  range 
seem  all  to  have  an  important 
granular  gray  qnartzyte  under- 
lying theui,  and,  according  to  all 
I  know,  a  black  slate  lying  to  the 
north  of  them  and  probably  straU 
igraphically  above  the  ore  beds, 
these  black  slates  beingsnpposed 
to  be  the  Animike.  If  that 
qnartzyte  betheequivalentof  the 
Fewabic  qnartzyte  it  certainly  pig.:. 

runs  below  the  iron  horizon,  and  the  Aoimikie  iron,  the  sap> 
posed  equivalent  of  the  Gogebic  iron  stnta,  should  be  sought 
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for  toward  the  south  from  the  strike  of  the  Pewabic  qaartz- 
yte  in  Minnesota.  As  there  are  outcrops  of  slates  and  qaartz- 
ytes,  of  the  Animike  series,  along  south  from  the  strike  of  the 
Pewabic  quartzyte  it  ie  also  legitimate  to  infer  in  the  absence 
of  facts  demonstrating  to  the  contrary,  that  in  Minnesota  also  the 
main  mass  of  the  Animikie,  and  hence  also  the  horizon  of  the  Goge- 
bic ore,  lies  conformably  above  the  Pewabic  quartzyte,  and  may  be 
found  to  the  south  of  the  strike  of  the  quartzyte.  In  all  the  reports 
and  inferences  that  have  been  published  by  the  writer  the  Pewabic 
quartzyte  has  been  made  the  parallel  of  the  great  quartzyte  that 
overlies  the  Animikie  unconformably,  but  it  is  possible  that  it  ruQs 
below  it  conformably.  Its  age  in  either  case  is  that  of  the  great 
gabbro  flood,  with  which  it  is  interbedded  at  points  further  north- 
east 

Specimens  from  Griffin's  camp,  ne^,  sec.  22,  56-24,  No.  1533, 
red  shale,  8  feet;  No.  1534,  iron  bearing  rock,  somewhat  siliceous, 
ore-sheets  broken  and  irregular,  hematite;  No.  1535,  same  as  1634, 
pit  No.  2.  but  reached  at  15  feet  below  the  surface;  No.  1536,  same 
as  1534,  11  feet  below  the  surface.  No.  1537,  slaty  ore,  rather  ow 
grade,  (47  p.  c.)  nwj,  nwj,  sec.  21,  56-24.  Mr.  Griffin  says  that  in 
sec.  21  he  knows  that  the  rock  1537,  lies  to  the  south  from  the 
rock  1535  and  1536,  in  outcrop  in  the  same  section.  He  also  says 
that  at  three  or  four  miles  south  from  his  camp  fragments  of  black 
slate  are  abundant  in  the  drift,  indicating  black  slate  lying  above 
the  rock  seen  at  his  camp. 

Where  the  road  crosses  the  morainic  belt  (see  the  sketch-  map, 
Fig.  1, )  between  towns  XXIV  and  XXV,  the  hills  are  very  conspicu- 
ous. It  appears  that  the  morainic  belt  coincides,  in  general,  with 
the  strike  of  the  quartzyte,  a  fact  which  has  been  noticed  before 
in  Minnesota  (and  in  Ohio,  in  case  of  a  strike  of  the  limestone  as  in- 
Delaware  county),  and  it  is  very  likely  that  the  existence  of  the 
latter  had  a  powerful  influence  in  determining  the  southward  limit 
of  the  drift-laden  ice. 

That  this  range  of  iron  ore  is  independent  of  and  quite  different 
from  that  at  Vermilion  lake,  which  is  in  the  Keewatin  schists,  is 
shown,  not  only  by  the  general  geology  and  geography,  and  the 
difference  in  the  manner  of  occurrence,  as  well  as  in  the  ores  them- 
selves, but  by  the  fact  that  the  line  of  strike  of  the  Keewatin  ore 
belt  from  Tower  westward  is  found  to  cross  the  country  about 
thirty  miles  further  north.  It  has  been  discovered  at  several 
points,  where  it  affords  very  encouraging  outcrops,  and  samples 
of  first-class  magnetite  have  been  exhibited  by  those  who  have 
visited   the   region.    Mr.  John  Beckfelt,  postmester  at  Grand 
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Bapids,  **  has  manifested  an  intelligent  interest  in  this  more 
northern  iron  region,  and  from  the  samples  in  his  possession  the 
following  were  obtained:  No.  1538,  magnetic  iron  ore,  sec.  23,  60, 
23;  No.  1539,  rock  associated  with  1538.  This  is  magnetic  and  sili- 
ceous, black,  fine  grained,  apparently  a  magnetic  jaspilyte.  * 
This  is  described  as  standing  vertical  in  the  midst  of  vertical  green 
schists.  Charles  Kearney,  Grand  Bapids,  owns  an  iron  location 
on  sec.  27,  60-23,  and  —  Fleck  on  sec.  23, 60-23;  other  owners  are  re- 
ported to  be  Lawrence  Welsh,  James  Gill,  Eli  Signal,  William 
Wynn,  AL  Tory,  J.  H.  Hennessy  and  —  Knutson. 

According  to  Mr.  Griffin,  there  is  an  outcrop  of  *'  granite  "  at  a 
point  about  ten  miles  south  of  Leech  lake,  the  exact  position  of 
which  hevcould  not  give.  This  indicates  the  strike  of  the  Giant's 
range  granite. 

Oold  in  the  Keewatin  schists  in  northern  Minnesota,  It  is 
well  known  that  about  twenty  years  ago,  a  gold  excitement  sprung 
up  in  Minnesota,  centering  on  Yermilion  lake.t  Mr.  H.  H.  Eames, 
the  state  geologist  at  that  time,  was  largely  instrumental  in  pro- 
moting the  popular  interest  in  that  region,  and  in  the  reputed 
discovery  of  gold.  The  excitement  subsided  soon,  and  ever  since 
then  there  has  been  very  little  said  on  the  subject.  But  it  appears 
now  that  there  was  some  basis  of  fact  underlying  the  excitement  i 
and  that  possibly  in  the  future  the  interest  that  subsided  in  1866 
may  be  partially  revived.  Several  assays  of  auriferous  quartz  were 
published  by  Mr.  Eames  in  his  reports,  some  performed  by  J.  B. 
Eckfelt,  assayer  of  the  U.  S.  mint  at  Philadelphia,  others  by  pro- 
fessor E.  Dent,  New  York,  and  by  himself,  which  afforded  gold 
amounting  from  twenty  to  thirty  dollars  per  ton  of  the  ore,  with 
three  or  four  dollars  per  ton  of  silver.  This  came  from  some  of 
the  workings  about  Yermilion  lake. 

In  1887,  the  writer  visited  the  Marquette  iron  region  in  Michi- 
gan, and  the  Bopes  gold  mine  northwest  from  Ishpeming.|{  He 
was  at  once  impressed  with  the  resemblance  between  the  gold- 
bearing  rocks  seen  all  the  way  between  Deer  lake,  near  Ishpeming, 
and  the  Bopes  mine  and  the  rocks  of  the  Keewatin,  in  northern 
Minnesota,^  and  in  all  subsequent  study,  involving  this  question, 

**  Mr.  Beokfelt  also  showed  samples  of  Uiirnite  found  *'up  the  Mississippi  river." 
say  about  Wlnnlbigoshlsh  lake.    Ho  also  says  it  Is  reported  to  be  found  all  aoout  the 
shores  of  lake  Winn ibi gosh ish,  in  form  of  "float"  pieces.    He  also  states  that  he  has 
seen  pieces  found  *'  up  tne  Prairie  river." 

*  The  ooourrence  of  magnetic  ore  in  the  Keewatin,  near  Ely,  as  well  as  at  Tower,  is 
described  In  Bulletin  No.  6. 

"tCompare  the  report  of  H.  H.  Eames  on  *'The  metalliferous  region  l)ordering  on 
lake  Superior."  printed  in  1666.  « 

II Sixteenth  annual  report,  pp.  48-40. 

tSerenteenth  annual  report,  pp.  42-43. 
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he  has  placed  the  two  localities  provisionally  in  the  same  strati- 
graphio  position.  This  parallelism  at  once  recalled  the  early  re- 
ports of  finding  gold  at  Vermilion  lake,  and  aronsed  a  suspicion 
that  gold  wonld  be  proved  to  exist  in  the  quartz  leads  in  the 
Keewatin,  in  Minnesota. 

In  1878,  this  region  came  again  under  examination  by  the  state 
survey  in  a  rapid  reconnoissance,  made  by  the  writer,  along  the  in- 
ternati6nal  boundary  to  Vermilion  lake,  and  thence  to  the  St 
Louis  river,  and  the  principal  "  locations  "  were  visited.  The  small 
specimens  collected  from  the  dump  heaps  were  as  large  as  the 
means  of  transportation  would  permit,  and  of  course  feebly  illus- 
trate what  may  have  been  the  contents  of  the  veins  that  were 
explored  by  the  various  owners  in  1866.  The  sampled  are  num- 
bered 395-400,  and  423. 428.* 

Prof.  A.  H.  Chester  again  examined  these  gold-mining  locations, 
and  states  in  his  report  that  **  Specimens  were  collected  from  many 
quartz  veins,  on  some  of  which  mines  were  formerly  located,  and 
all  were  carefully  assayed.  No  true  iron  pyrites  was  found,  but 
all  was  of  that  form  known  as  pyrohotine  or  magnetic  pyrites. 
Among  the  many  samples  of  pyrites,  from  all  parts  of  the  country, 
assayed  for  gold  at  the  laboratory  of  Hamilton  college,  not  one 
containing  magnetic  pyrites  has  shown  any  gold,  and  so-called  gold 
mines  have  been  condemned  at  once  when  the  character  of  the 
pyrites  was  recognized,  subsequent  assay  always  corroborating  the 
opinion.  It  was,  therefore,  not  a  matter  of  surprise  that  these 
'gold  ores'  did  not  contain  any  gold.";{; 

In  1886  Dr.  A.  Winchell  examined  the  town  in  which  is  situated 
a  prominent  white  quartz  vein  in  which  it  was  reported  gold  and 
silver  had  been  found,  and  his  collected  samples  at  this  point  are 
numbered  (of  his  series)  48-53.**  He  says:  ''Many  quartz 
veins  run  through  the  whole  formation.  Bock  52  is  a  sample, 
containing  hematitic  stains,  very  much,  indeed,  as  in  some  argenti- 
ferous[auriferous?]  quartz.  Other  quartz  veins  are  pervaded  by  py- 
ritesin  abundance,  as  shown  in  rock  53.  In  some  cases  a  mass  half 
the  size  of  one's  head  is  pure  pyrites.  The  pyrites  and  quartz  are 
sometimes  seen  to  be  intersected  by  minute,  sinuous  veins  of  a 
dark,  lustrous  iridescent  mineral  resembling  peacock  ore  of  copper. 
These  are  the  glittering  minerals  which  sustained,  not  without 
some  reason,  the  hopes  of  the  adventurers."  At  that  time  this 
spot  was  owned  by  a  man,  since  deceased,  named  John  Leiender- 
ker,  who  had  sunk  a  shallow  shaft  in  1885. 

*NlDth  annual  report,  pp.  OS-lO'i. 
t  Eleventh  annual  report,  p.  166. 
*  *  Fifteenth  report*  p.  82. 
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In  1888,  in  making  some  observations  on  the  iron  working  of 
John  Mallmann,  about  two  miles  soath  of  the  Giant's  range,  as  re- 
ported above,  the  writer  met  Mr.  Leienderker  at  Mailman's  camp, 
and  obtained  from  him  a  small  piece  of  the  quartz  containing 
pyrites  from  his  "gold  mine"  on  Eagle  Nest  lake.  Sea  34,  T.  62-14 

Some  assays  have  since  been  made,  viz: 

Samples  of  pyritiferous  quartz  obtained  by  A,  Winchell,  from 
Leienderker's  shaft,  with  the  following  result,  assayed  by  Frank 
G.  Smith,  Ann  Arb^>r,  Mich. 

A.  Winchell's  numbers  49  and  51,  gave  no  trace  of  gold. 

A.  Winchell's  number  53,  gave  one-twentieth  of  an  ounce  of 
gold  per  ton  of  2,000  pounds,  or  $1.00  per  ton. 

Sample  of  pyritiferous  quartz  obtained  by  the  writer  from  Mr. 
Leienderker;  assayed  by  Prof.  J.  A.  Dodge,  Ohem.  Series,  212. 
Survey  No.  1501.  ''Using  one-half  ounce  of  the  ore,  by  fire  assay, 
I  find  a  trace  of  gold  and  no  silver.  The  amount  of  gold  is  too 
small  to  be  weighed  from  that  quantity  of  ore;  1  should  estimate 
it  at  not  more  than  one-fortieth  Troy  ounce  per  ton." 

All  the  samples  from  the  various  ^'locations^'  about  Vermilion 
lake  obttiined  by  the  writer  in  1878,  *  assayed  as  one  sample  by 
Prof.  0.  F.  Sidener,  Chem.  Series,  213,  gave  no  gold  nor  silver. 

The  vein  at  Eagle  Nest  lake  is  said  to  be  about  12  feet  wide  and 
to  carry  much  pyrites  throughout  its  width.  The  pyrite  in  the 
sample  obtained  from  Mr.  Leienderker  is  not  magnetic  in  fine 
powder.  It  has  a  light  brassy  color  and  rectangular,  apparently 
ouboidal,  crystallization,  which  seem  to  indicate  true  pyrite.  That 
which  Proi  Chester  examined  was  magnetic  pyrite  which  is  rarely 
if  ever  auriferous,  and  was  at  once  condemned  by  him.  There  is 
a  large  amount  of  magnetic  pyrice  near  the  base  of  the  Animike 
formation  at  the  west  end  of  Gunfiint  lake,  associated  with  the 
magnetic  ore  of  the  Animike,  which  is  of  the  same  range  and  age 
as  that  investigated  by  Prof.  Chester  on  the  Mesabi  range,  and  it 
is  quite  likely  that  the  magnetic  pyrite  examined  by  him  was  ob- 
tained in  that  group  of  rocks.  That  has  a  different  aspect  and 
color  from  the  pyrite  at  Eagle  Nest  lake,  being  a  copper-steel  gray, 
and  also  is  much  softer. 

It  appears  from  the  foregoing  considerations,  and  the  facts  that 
are  known,  that  not  only  is  there  no  a  priori  obstacle  to  the  expec- 
tation of  gold  in  the  quartz  leads  of  the  Keewatin,  but  that  there  is 
some    positive  basis    of  fact    to  show  that  it    exists    there    in 

*  Ninth  annual  report,  pp.  OH-103. 
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qaantity  sufficient,  in  some  t<)<^^i  to  make  a  valuable  low  grade 
ore  that  could  be  profitably  miued  by  the  same  methods  as  those 
employed  in  the  B^ack  Hills^and  at  the  Bopes  mine  in  Michigan. 


The  Crystalline  Bocks  of  the  Minnesota  Valley. 

In  June  1888  some  observations  were  made  about  Bedwood 
Falls.    At  Frazer's  quarry,  in  Honner,  ( N.  Bedwood  P.  O. )  which 
is  on  the  south  side  of  the  Minnesota,  but  on  the  northwest  side  of 
the  Bedwood,  in  the  bottom  lands  of  the  Minnesota  river,  can  be 
seen  gneiss,  some  of  which  is  prevailingly  red  on  weathered  ex- 
posures, but  on  quarrying  deeply — and  some  without  being  quar- 
ried—is gray.    This  rock  is  a  gneiss,  through  and  through,  having 
a  ^'rift"  which  is  strongly  marked,  and  generally  evident  in  differ- 
ence of  colors  and  in  micaceous  belts,  the  alternations  being  black, 
quartzose,  feldspathic,  reddish,  &c.     There  are  some  places  that 
show  up  as  a  massive,  gray  gneiss,  without  much  banding,  but  the 
whole  rock  is  generally  quite  banded.    Across  these  forms  run 
granulyte  veins,  and  coincident  with  the  gneissic  bands  aiy  other 
orthodastio  belts,  some  of  them  plainly  fading  out  into  the  gray 
gneiss,  and  some  being  distinctly  separate  for  many  feet     These 
are  either  of  chemical  deposition  entirely,  (as  when  filling  trans- 
verse fissures)  or  are  produced  by  slow  chemical  metamorphism 
from  the  original  sediments.    In  two  instances  one  of  these  veins, 
about  j  in.  wide,  running  transverse  to  the  grain  of  the  gneiss,  split 
in  the  center  of  the  vein,  and  one-half  of  it  adhered  to  one  block, 
and  the  other  to  the  other  block,  when  forced  by  the  operations  of 
the  mine.     This  splitting  ran  about  six  feet,  and  showed,  when 
cleared  ofP,  a  surface  16  in.  by  6  ft.,  and  at  a  distance  I  took  it  at 
first  for  a  vein  16  in.  wide  because  viewed  from  that  direction- 
This  vein  matter  was  coarse  red  granulytel    Other  similar  veins 
when  viewed  on  the  broken  edge  showed  a  distinct  central  plane 
of  Huion  between  the  growing  accumulations  on  the  opposite  side 

fOupt.  DIblKiiiH,  In  tOKt-plttiiiK  for  iron  in  Gt-ll,  Is  r(*porU*d  to  have  found  a  nugf^et  of 
tfoUt  vaIiuhI  at  about  four  dollars,  and  Mr.  J.O.  Emery  afflnns  that  in  the  quartz  veins 
in  thrKn^*^i)**tono  on  tho  southern  slope  of  the  Twin  peaks  south  of  Ogishkemunolo  lake 
hn  huM  vt»ry  frequently  obtained  gold.  It  might  also  here  \ye  recorded  that  aocording 
Mr.  Kmeryi  whoMbowed  me  a  sample,  a  finely  granular  graphite  cK^curs  on  lotO,  se  \^ 
tiec.  IM,  (M'tt,  (east  of  Fraxerlake).  He  describes  it  as  surrounded  and  overlain  by  gabbro. 
At  a  mile  further  west,  and  a  little  north,  it  shows  on  the  surface  in  a  vein  ten  feet 
wUUs  and  pieces  as  large  as  a  half  bushel  lie  al)out.  as  if  thrown  out  by  the  frost.  It  is 
alto  found  on  the  portage  trail  (a  little  north  of  the  trail)  from  the  east  end  of  Fraxer 
lake  to  the  lake  next  toward  the  southeast.  Oonsiderable  iron  ore  is  reported  by  htm 
In  the  grtuMistune,  In  the  north  parts  of  sees.  2  and  3,  tt4-G,  i  r,  in  the  region  of  the  Twi n 
ntountalns. 
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of  tbe  origioal  fissare,  jnst  an  in  common  miaeral  Teins,  tbas:  Fig. 

3.    Sacb  a  plane  would  be  a  plane  of  weokneBS,  along  which  in 

qnarrying,  the  rock  wonld  be  likely  to  part. 

At  Morton,  a  few 
miles  below  Redwood 
Falls,  sitoated  in  the 
valley  of  the  Minneso- 
ta river,  SauUpangh 
has  recently  opened 
extensive  quarries  in 
the  "granite."  Here 
the  rock  is  mainly  a 
gray  contorted  gneiss, 
bat  it  has,  in  all  the 
QBoal  forms,  much 
reddish  feldspar  snp> 
posed  to  be  othoclaae. 

FIk.8.    Lnyered  vein  of  Oranulyte.  VeiUB      of      gfanulyto 

oat  tbe.gneiB8ic  Btrnctnre.  One  was  14  iuches  wide  and  was  banded 
in  the  same  manner  aa  illastrated  by  fig.  'd  above,  except  that  its 
course  was  nearly  perpendicalar  to  the  gneissic  rift,  and  it  abowed, 
farther,  a  banded  alternation  of  qnartz  and  feldspar,  as  illastrated 
by  fig.  4  sketched  on  the  spot. 

Explantttioii  of  Fig.  4- 
No.  ].    Coarse  orthoclaao.with 
little  quartz. 

Ni).2.  Coarse  crystalsof  quartz, 
somewhat  aiiiothystine. 
No.  3.  Same  as  No.  1. 
This  shows  a  true  vein  struo- 
tare,  aod  a  chemical  origin 
for  the  "dyke."  The  figare 
shows  the  planes  separating 
the  quartz  from  tbe  ortho- 
claserather  more  abrupt  and 
straight  than  they^are  in  na- 
ture. Along  the  line  of  con- 
tact some  of  the  ortboolase 
crystals  penetrate  within  the 
qnartz  zone,  and  there  are  a 
few  quartz  cryatals  dissemi- 
Dated  throagh  tbe  orthoclase. 
B  a  whole,  the  central  band  of  amethystine  quartz  is  distinct 
and  constant 


But, 
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Another  remarkable  (eatare  in  the  Morton  quarries,  where  there 
has  been  more  work  done  than  in  any  other  granite  quarriee  in  the 
state,  and  from  which  they  haye  sent  rock  for  street  curbing  to 
Duluth,  is  the  beautiful  contortion  of  the  gneissic  structure,  which 
on  being  broken,  and  especially  when  cut-hammered,  makes  a 
striping  resembling  that  seen  on  some  fancy  marbles. 

And  yet  another  feature,  which  allies  this  belt  with  the  transi- 
tion series  at  the  northwest  end  of  Vermilion  lake,  is  the  irregular 
mixing  of  the  *'mica  schist,"  or  **black  rock,"  with  the  gneissic 
lighter-colored  rock.  These  so-called  mica  schists  appear  as  iso- 
lated masses,  one  as  large  as  ten  feet  across,  bat  usually  only  a  few 
inches  in  diameter,  like  boulders  in  the  midst  of  the  gneiss.  In 
one  conspicuous  instance,  seen  on  a  freshly  cut  block  of  gneissy 
the  laminations  of  the  gneiss  were  seen  to  shape  themselves  about 
the  black  mass.  In  many  other  instances  the  black  patches  are 
changed  in  shape,  apparently  by  some  shearing  pressure  incident 
to  the  whole  formation.  They  are  elongated  and  bent  and  strung 
out  like  hooks  and  lenticular  bands,  in  conformity  with  the  direc- 
tion of  the  general  trends  of  the  gneissic  contortions. 

While  these  black  patches  appear  (now)  to  be  largely  micaceous 
and  of  the  same  nature  as  the  micaceous  element  in  the  gneiss,  yet 
there  is  noticeable  a  difference.  They  seem  to  be  of  changed 
hornblende  or  hornblendic  rock  (1519.)  The  "black  rock"  in  one 
limited  space  was  seen  to  comprise  at  least  half  of  the  whole,  and 
it  seemed  to  be  the  same  ingredient  as  the  black  element  in  the 
gneiss— at  least  so  far  as  its  distribution  and  relations  could  be 
seen  to  show  aoytbing  of  its  origin.  This  '*black  rock"  should  not 
be  confounded  with  another  ''black  rock"  which  in  the  form  of  a 
conspicuous  more  recent  dyke  cuts  across  the  hill  composed  of 
gneiss. 

The  general  similarity  of  this  quarry  to  the  mixed  condition  of 
the  mica  schist  and  syenite  in  the  northwest  part  of  Vermilion 
lake,  where  the  Vermilion  series  fades  out  into  the  gneiss  proper, 
of  the  Laurentian,  is  forcibly  impressed  on  the  mind  of  any  one 
who  is  familiar  with  the  latter.  The  transition  in  the  Minnesota 
Talley,  however,  seems  to  occupy  a  wide  belt,  as  it  extends  at  least 
from  Bedwood  to  Morton — and  indeed  to  occupy  Dearly  the  whole 
valley. 

In  town  111-38  (unorganized),  of  Bedwood  county,  sec.  12,  is  a 
glaciated  granite  knob,  the  strise  running  S.  about  45°  £.  This  is 
a  dome  of  gray  contorted  gneiss,  rising  about  twelve  feet.  Its 
visible  extent  is  about  200  feet,  and  90  feet  across.  Its  elongation 
is  NW.  and  SE.    It  is  a  good  rock  for  heavy  quarrying,  as  it  is  not 
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much  jointed.  It  is  heavily  bedded  by  a  series  of  overljiDg  layers 
that  dip  gently  toward  the  soath,  so  that  the  steep  side  of  the 
knob  is  on  the  north  slope.  The  country  round  about  it  is  wild, 
imoocupied  prairie,  smoothly  rolling. 

This  rock  shows  no  red  feldspar,  in  that  respect  being  somewhat 
more  like  the  Honner  quarry  than  the  gneiss  at  Morton.  The  top 
is  somewhat  below  the  average  level  of  the  country,  and  has  been 
uncovered  by  the  removal,  by  some  means,  of  the  drift  cover.  The 
field  can  be  plowed  right  up  to  the  rock  on  all  sides. — Sample 
1520. 

In  making  this  trip  a  new  sort  of  bouldei  was  seen  in  many 
places — a  white  granular  quartzyte,  some  of  them  two  feet  across. 
They  show  a  plain  sedimentary  structure,  ard  are  rather  fine- 
grained. They  are  hauled  with  other  boulders  into  piles  from  the 
fields.  They  look  like  the  usual  ''Winnipeg*'  limestone,  of  which 
not  a  piece  was  observed  on  the  trip,  although  they  do  occur  about 
the  mouth  of  Crow  creek. 

Re-examination  of  Lignitic  beds  about  Redwood  Falls.  In  com- 
pany with  Mr.  Park  Worden,  Capt.  Donnington  and  Mr.  Terrill, 
of  Bedwood  Falls,  a  number  of  workings  in  lignite  beds  in  the 
vicinity  were  examined,  particularly  in  the  region  of  the  valley  of 
Grow  creek.  One  of  these  was  the  very  spot  that  I  visited  15  years 
ago,  now  caved  in,  and  nearly  lost  to  sight.  Another  was  visited 
with  Mr.  Peabody  at  the  identical  spot  where  Grant  and  Brousseau 
tried  to  get  coal  about  20  years  before.  None  of  these  reveal 
anything  new,  nor  give  any  reason  to  vary  from  the  judgment  and 
descriptions  published  in  the  second  annual  report,  respecting  their 
geological  age  and  prospective  economic  value. 

At  Mr.  Farriugton's,  on  the  bluff  of  the  Minnesota  near  Crow 
creek,  the  lignite  lies  on  the  decayed  gneiss,  or  on  a  somewhat 
stratified  and  re-arranged  condition  of  it,  due  to  the  Cretaceous 
ocean.  There  is  no  conglomerate  at  the  bottom— -only  this  kaolin- 
io  material. 

III. 

Record  of  some  Field  Observations  made  in  1889. 

Duluth.  On  the  **Weller  road/'  about  a  mile  and  a  half  from 
lake  Superior  (at  Dulntb)  and  about  two  miles,  by  the  road,  from 
the  business  part  of  the  city,  is  the  spot  that  has  been  referred  to 
^b^fore  as  showing  considerable  amounts  of  red  rock  in  the  hills. 

•Survey  samples  of  N.  H.  Wlnchell,  >os.  IB.  48  . 

Compare  also  Proceedln^H  of  the  American  Association  for  the  Advancement  of 
Science.  1881.    Oincinnatl  meeting,  I)fpical  thin  sections  of  the  Cupriferous  rocka  in  Minn 
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There  is  not  bo  much  of  it  as  I  had  thought  It  is  very  certainly 
the  same  rook,  and  has  the  same  relation  to  the  gabbro  as  that  seen 
at  Daluth  and  mingled  with  the  gabbro  at  Bice's  point  It  is 
here  in  a  scattered  blotch,  and  in  thin  veins,  in  a  fine  porpbyritic, 
gabbroloid  rock — which  last  is  like  much  seen  in  the  city  and  en- 
virons of  Daluth,  but  nut  so  perfectly  and  coarsely  crystalline  as 
the  Bice  point  rock.  While  the  gabbro  is  quite  difEarent  from  the 
typical  gabbro  at  Bice's  point,  it  is  essentially  the  same  rock  and 
of  about  the  same  age.  Indeed  it  is  almost  possible  to  trace  it  con- 
tinuously from  one  place  to  the  other  along  the  hill  range  that  con* 
nects  the  two  places.  No.  1540  shows  the  gray  porphyritic  gabbro 
with  a  fine  magma.  No.  1641  shows  contact  of  the  red  rock  on  the 
gray  rock,  1540.  No.  1542  is  the  crystalline  red  lock,  with  some 
light  green  spots.  No.  1543  is  chalcedonic  quartz  from  this  gabbro, 
as  described  below. 

A  very  interesting  observation  is  made  in  connection  with  this 
*  modified  gabbro.  On  the  weathered  surface,  where  it  also  presents 
other  irregularities  of  structure,  resembling  coarse  amygdaloid, 
are  seen  white  spots  of  silica.  These  spots  are  sometimes  vitreous 
and  glistening,  as  if  of  chemically  deposited  quartz,  and  in  some 
central  cavities  quartz  crystals  form  a  drusy  coating.  But  in  other 
places  this  pure  vitreous  white  quartz  becomes  granular,  there 
being  a  gradual  passage  from  one  structure  to  the  other,  the  gran- 
ular increasing  in  distinctness  and  ease  of  disintegration  toward  a 
weathered  angle,  or  toward  the  surface.  Very  rarely,  small,  sub- 
translucent  areas  as  large  as  a  wheat  grain,  or  larger,  can  be  seen, 
on  the  disintegration  of  the  vitreous  portions,  which  do  not  disinte- 
grate, resembling  amorphous  or  chalcedonic  silica.  The  disinte- 
grated granular  portions,  however,  are  not  uniformly  fine,  and,  in 
general,  those  portions  are  all  coarser  than  the  fine  granular  silica 
of  the  so-called  chalcedonic  silica  of  the  iron  mines.  This  obser- 
vation shows: — Thai  the  granular  structure  seen  in  silica,  does 
not  prove  necessarily  that  the  silica  was  of  sedimentary  or  clastic 
origin^  since  this  is  plainly  the  result  of  long  weathering  of  chem- 
ical selica  in  these  exposed  cliffs. 

These  quartz  masses  do  not  show  plainly  a  banded  agate- like 
structure  like  the  agates  seen  at  Agiite  bay,or  Gooseberry  river,but 
in  some  of  them  there  is  a  narrow  band  of  harder,  somewhat  red- 
dish, siliceous  rock  that  surrounds  them  and  forms  an  enclosing 
ridge  that  rises  above  the  general  surface.  They  vary  in  size  from 
a  pea  to  eight  inches  long,  and  while  not  very  sharply  angular,  are 
not  of  the  shapes  of  usual  amygdules.  Some  of  them  have  little 
cavities  of  irregular  shapes  in  which  small  quartz  crystals  are  seen 
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projecting,  and  in  others  the  white  vitreous  qaartz  is  replaced,  in 
marginal  patches,  or  even  in  larger  table-like  protrusions,  by  a 
milky,  opaque  quartz,  as  mentioned  above.  Taken  altogether  it 
seems  very  likely  that  these  quartz  modules  are  indigenous  in  this 
gabbro-like  rock,  and  are  not  of  the  nature  of  foreign  or  trans- 
ported masses,  but  have  originated  in  the  gabbro  by  secretion,  in  a 
manner  similar  to  the  chalcedonic  agates  in  the  trap  at  the  mouth 
of  Gooseberry  river  (519). 

At  the  Iron  Mines  at  Toioer,  The  designations  of  the  various 
"mines"  have  been  changed  since  the  ownership  changed.  They 
are  now  known  by  number,  viz: 

No.  1  is  what  was  known,  and  designated  in  our  former  reports 
as  the  Utuntz  mine.  It  is  the  most  easterly  of  those  on  the  south- 
ern slope  of  the  ''north  range." 

No.  2  is  what  was  formerly  known  as  East  Stone  mine. 

No.  3  is  what  was  formerly  known  as  Stone  mine. 

No.  4  is  what  was  formerly  known  as  Stone  mine. 

No.  6  is  what  was  formerly  known  as  East  Ely  mine. 

No.  6  is  what  was  formerly  known  as  West  Ely  mine. 

No.  7  is  a  pit  on  the  former  Tower  mine. 

No.  8  is  what  was  formerly  known  as  the  East  Tower  mine. 

No.  9  is  what  was  formerly  known  as  the  West  Tower  mine. 

No.  10  is  what  was  formerly  known  as  the  Lee  mine. 

No.  11  is  what  was  formerly  known  as  the  East  Lee  mine. 

No.  12  is  what  was  formerly  included  in  the  Breitung  mine. 

No.  13  is  what  was  formerly  included  in  the  West  Breitung  mine. 

Under  the  direction  of  Mr.  H.  A.  Wilcox  a  systematic  probing  of 
the  region  has  been  carried  on  by  diamond  drill.  This  has  resulted 
in  the  discovery  of  the  existence  of  ore  in  some  places  not  known 
before,  and  particularly  near  Tower  in  the  ''south  ridge"  or  Lee 
mine.  Some  of  the  particulars  of  this  drilling  have  been  supplied 
to  the  survey.  Indeed,  through  the  courtesy  of  Mr.  Geo.  0.  Stone, 
and  of  Supt  Bacon,  every  part  of  the  mine,  and  all  the  records 
whether  of  drilling,  assaying,  mapping,  shipping  and  grading,  per- 
taining to  the  operation  of  the  company,  were  thrown  open  to  the 
writer  for  the  use  that  might  be  wished  for  the  purposes  of  the  sur- 
vey. Much  assistance  was  afforded  in  making  this  re- examination, 
by  the  co-operation  of  the  officers  and  the  mining  captains  of  the 
Minnesota  Iron  Company,  and  especially  by  the  records  of  the 
drilling  and  some  chemical  analyaes,  the  former  by  Mr.  H.  A.  Wil- 
cox and  the  latter  by  —  Waters.  Most  of  this  detailed  information 
is  to  be  found  in  the  special  report  on  the  iron  ores  of  the  state — 
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Balletin  No.  6,  aocompanying  this  report,  but  pablished  separately. 
Sabseqaently  the  same  ooartesy  was  extended  to  the  survey  by 
the  superintendent  and  other  officers  of  the  mines  at  Ely. 

The  purpose  of  this  more  detailed  re-survey  was  to  arrive,  as 
nearly  as.  might  be,  at  a  final  conclusion,  based  on  facts  observed 
in  the  field,  touching  the  question  of  the  origin  of  the  iron  ore;  and 
while  that  was  a  primary  purpose,  it  was  intended  also  to  obtain 
more  details  of  the  actual  manner  of  occurrence  of  the  ores,  the 
operation  of  the  mines,  and  all  the  statistics  that  would  be  needed 
in  making  a  full  presentation  of  the  iron  ores  in  published  form. 

These  observations  were  made  in  company  with,  and  by  the  as- 
sistance of  Mr.  Horace  Y.  Winchell  who  had  previously  examined 
many  iron  localities  in  the  state,  and  had  been  exclusively  at  work 
on  the  iron  deposits  for  about  a  year,  and  who  was  familiar  with 
all  the  theories  that  had  been  propos^'d,  and  the  obstacles  that  they 
met  with.  We  subsequently  published  in  The  American  Oeolo- 
gist,^  a  summary  and  preliminary  statement  of  the  probable  result 
of  the  investigation,  so  far  as  it  related  to  the  origin  of  the  ore 
itself,  and  the  same  view  is  presented  again,  more  fully,  with  many 
facts  that  sustain  it,  in  another  part  of  this  report. 

At  this  place  but  little  more  will  be  given  than  the  connected 
thread  of  successive  field  observation,  with  references  to  the  illus- 
trative rock  samples,  and  some  of  the  steps  in  the  argument. 

At  the  Lee  mine,  rock  sample  1546.  Here  we  collected  some  of 
the  quartz  crystals  lining  vugs  in  the  dense  hematiie.  These  have 
not  the  clouded  "chalcedonic"  appearance  of  crystals  formed 
rapidly,  or  of  rapid  chemical  accumulation  without  crystalization, 
such  as  seen  in  the  quartz  in  the  jaspilyte.  This  kind  of  quartz 
in  the  ores  of  the  district  has  frequently  been  described  in  the  re* 
XX)rt8,  and  it  has  been  supposed  to  have  had  a  later  origin  than  the 
jaspilitic  quartz. 

In  the  dump  at  the  Lee  mine  (No.  10  as  above,)  is  seen  a 
reddish,  earthy-looking  jaspilyte,  beautifully  streaked  as  with 
sedimentary  banding — No.  1547.  It  contains  much  pyrites,  which 
is  in  bands  and  streaks  coincident  with  the  banding,  this  being 
apparently  the  f  •  *rm  taken  by  the  ore  when  accumulated  under  cir- 
cumstances that  gave  the  jaspilyte  this  earthy  character.  While 
this  pyrite  is  disseminated  minutely  through  the  whole  of  this,  yet 
in  larger  quantity  it  frequents  certain  bands.  It  is  noticed  that 
these  bands  cease  abruptly  along  one  side,  when  viewed  on  the 

_  _ • ■ — ■ 

•American  Geolo>?i»t,  vol.  Iv.  p.  291.    On  a  powCblt  chemical  origin  of  the  iron  oreof  th 
Keewatin  in  Minnettota. 
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broken  edge  of  the  sedimentation,  as  if  the  conditions  allowing  its 
formation  were  wholly  and  suddenly  changed  in  that  direction. 
Bat  on  the  other  margin  the  pyritiferous  bands  fade  out  gradually 
in  the  midst  of  the  other  rock.  This  is  the  first  instance  in  which 
any  such  variation,  indicatiog  an  upper  and  a  lower  side  to  the 
jaspilyte  in  the  process  of  formation,  has  been  observed.  It  is 
probable  that  the  line  along  which  the  abrupt  change  is  introduced 
was  the  lower  side  of  the  pyrite  band,  and  if  the  position  of  this 
impure  jaspilyte  within  the  mine,  with  respect  to  the  strike  of  the 
ore  mass,  could  be  ascertained,  it  would  furnish  a  key  to  the  strati- 
graphic  order  of  super- position  of  strata  of  tbe  region-a  desideratum 
which  has  not  yet  been  supplied  by  actual  observatiou,  though  it 
has  been  hypothetically  deduced  from  a  general  view  of  the  whole 
region.  The  principal  pyritic  streaks  are  about  a  quarter  of  an 
inch  apart,  but  there  are  intermediate  variations  that  also  produce 
streaks,  and  on  one  side  of  the  specimen  collected  the  principal 
streaks  are  about  three  quarters  of  an  inch  apart,  and  somewhat 
undulating. 

In  other  pieces  this  impure  streaked  jaspilyte  appears  as  a 
pyritiferous  impure  hematite,  and  in  others,  still,  the  pyritiferous 
character  is  generally  disseminated  in  the  breccia  of  hematite  and 
earthy  jaspilyte.  In  larger  cubes  the  pyrites  is  seen  in  a  sort  of 
soft  greenstone. 

1548.  Breccia,  a  somewhat  stratiform  mass  of  fine  pieces  of  red 
jasper,  hematite,  jaspilyte,  quartz. 

1549.  Crystals  that  seem  to  be  chalcopyrite,  colored  sometimes 
blue  like  erubescite  ( ?)  or  bornite,  Lee  mine. 

[On  further  examination  these  blue  crystalline  grains  seem  to 
be  hematite  tarnished.] 

1550.  Finely  bauded,  whitish  jaspilyte,  part  of  a  breccia,  Lee 
mfne. 

1551.  Hard  hematite,  with  conspicuous  included  crystalline 
masses  that  appear  to  be  chalcopyrite. 

Going  in  the  pit  of  the  Lee  mine,  which  is  now  lOO  feet  in  depth, 
under  the  direction  of  the  foreman  (because  we  inquired  as  to  the 
place  of  rock  No.  1547  in  the  mine),  we  find  the  succession  across 
the  Lee  mine  to  be  as  follows: 

In  fig.  6,  which  is  an  outline  plan  of  No.  10,  formerly  known  as 
the  Lee  mine,  the  star  (*)  indicates  where  the  bidded  rock.  No. 
1547,  was  found.  Nest  north  of  it  is  breccia,  with  green  stone 
material,  with  considerable  pyrite  and  with  the  well-known 
white  kaolinic,  white  substance.    In  the  kaolinio  material  are  ser- 
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idlM.  K»t  mlier  bud  and  coarse-grained  pebbles.  There  is  an 
abrupt  trattsilioii  from  fine,  hard  hematite  to  the  rook  1547,  bnt 
tbe  eMit«ei^  vbieh  can.  with  some  difficulty,  be  traced  oat  on  the 
ihc«  o(  the  v«U»  is  tortuous  and  oblique.  In  the  kaolinic  material 
ai^  abo  loonded  pebbles  of  No.  1547.  The  general  order  of  suc- 
oeesiflo*  «eross  the  mine,  is  thus,  from  north  to  south. 


ran 


d  or^ 


red  f9o/fff*r 


Fig,  5,    Oullineplan  of  the  Lee  mine, 

1.  Greenstone  of  the  country,  a  chloritic  schist,  north  side  of  the  mine. 

2.  Breccia  of  greenstone,  impure  Jaspilyte  (rock  1547)  and  iron  ore,  with 
miK-h  pyrite. 

X  Red,  impure,  sedimentary  banded  jaspilyte,  somewhat  resembling, 
in  si^me  places,  a  red  shale,  though  it  is  always  too  hard  and  too  heavy  to 
N?  culled  shale.  It  is  different  from  the  well-known  Jaspilyte,  as  it  shows 
no  di>itinct  chalcedonic  silica,  and  only  occasionally  any  distinct  lines  of 
hi*niAr  :tt\  It  is  not  an  important  deposit,  as  to  its  amount,  but  appar- 
om^x  v;i;Ut^  so  as  to  its  nature  and  origin,  and  its  possible  relation  to  the 
pur>*  \isp;'^vt^, 

•*»    b^ru\  h*nl  hematite,  pure. 

V  Vxi^n  nwss  of  ore;  at  Its  narrowest  place  about  five  feet  wide,  at  the 
piv^Mtt  t.tvv  of  the  slope. 

ti.    Juv^pilx  u\  loo  \)ooT  to  mine. 

7.    (.>j\vuxtom»  schist,  on  the  south  side  of  the  mine. 

It  ik^euis^  a»  it  the  succession  of  formation  progressed  from  the 
south  to  th^  ttv^rlh  (or  from  No.  7  to  No.  1),  the  impure  jasper,  No. 
3  [ov  iW  i!»hal<^^  being  formed  by  wash  from  No.  4,  but  rendered 
soft  and  impure  by  influx  of  materials  from  No.  7,  or  some  other 
aUjaoeut  ^n»t»u$tv>ne,  and  accumulated  only  in  favorable  nooks, 
foUoweil  by  auv^lher  fi^reenstone  (or  schist),  the  latter  serving,  not 
only  t\>  brt»Hk  up  and  embrace  in  form  of  a  breccia  all  the  forego- 
ing i,N<.x«.7K>^\<K4tte  of  the  inclusions  being  from  the  impure 
ja»|ul>  t^«  iiii.>ttMt  ftvuii  the  iron  ore,  and  some  from  the  jasper  further 
HvnuU  but  K>  vVtttrav^^ne  all  the  forces,  whatever  they  were,  that 
\lev'^'4uUHi  th«  jaapilyte^  and  to  substitute  its  own  products  entirely. 
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with  little  or  no  modification,  for  the  hematite  and  silica  that  had 
been  deposited  immediately  before.  If  this  schist  (No.  1)  were  an 
undoubted,  massive,  homogeneous,  non*clastic  rook,  it  would  be 
necessary  to  infer  that  the  jaspilyte  had  been  covered  by  a  diabase 
overflow,  and  that  in  the  bottom  of  the  lava  the  materials  of  all  the 
former  strata  had  been  involved  in  a  brecciated  condition.  The 
occurrence  of  this  breccia  on  the  north  side  of  the  main  jaspilyte 
mass,  however,  is  not  conclusive  evidence  of  the  later  date  of  the 
origin  of  the  northern  side  of  the  Lee  mine,  since  there  are  jaspi- 
lyte masses  in  the  green  schist  further  north  still,  and  some  of 
them,  when  they  were  entire  and  continuous  in  one  mass,  may 
have  supplied  the  material  for  the  breccia,  allowing  the  order  of 
formation  to  have  been  from  north  to  south. 

Not  far  from  Lee  mine,  by  the  old  roadside  leading  to  the  Breit- 
ung  mine  and  to  the  ''location/'  on  the  top  of  the  main  hill,  a  large 
boulder  was  found  of  the  Stuntz  conglomerate,  and  its  examination 
afforded  some  interesting  facts. 

1.  This  boulder  contains  pebbles  of  chalcedonic  quartz  (1552), 
some  of  them  being  several  inches  across. 

2.  It  contains  pebbles  of  gray,  quartzose  felsyte  (1553  and 
1554). 

3.  In  these  felsyte  pebbles,  which  themselves  are  older  than  the 
bonjider  in  which  they  are  embraced,  are  rounded  vitreous  quartz 
pebbles  which  do  not  indicate  any  granular  structure  like  the 
so-called  chalcedonic  silica. 

4.  Some  of  the  pebbles  of  1553,  represented  also  by  1556,  seem 
to  exhibit  an  imperfect  porphyritic  structure,  approaching  that  of 
''porphyrel"  at  Kekekebic  lake,  which  they  also  resemble  in  nearly 
all  other  respects.  This  may  point  to  some  relationship  between 
the  Keewatin  schists  represented  by  the  Stuntz  conglomerate,  and 
the  porphyrel.    The  rocks,  however,  need  a  closer  comparison. 

The  important  result  of  this  observation,  however,  is  in  the  bear- 
ing it  has  on  the  nature  of  the  granular  structure  of  the  jaspilitic 
silica.  It  has  been  presumed  by  some  that  the  jaspilitic  silica  is 
granulated  because  of  incipient  decay,  in  the  manner  that  the 
geodic  silica  in  the  gabbro  near  Duluth  becomes  granular.  Not 
to  mention  here  the  evident  difference  between  the  granulation  that 
is  due  to  decay  and  that  which  is  seen  in  the  chalcedonic  silica  of 
the  iron  mines,  it  is  sufficient  to  call  attention  to  the  perfectly  in- 
tact vitreous  condition  of  the  quartz  pebbles  within  the  pebbles  in 
this  boulder,  even  when  by  fracture  they  have  been  brought  to  the 
surface  of  the  boulder,  and  the  perfectly  characteristic  chalcedonic 
granulation  seen  in  the  younger  pebble  of  jaspilitic  silica,  No. 
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1552  above.  That  which  is  non-granular  in  this  boulder  is  neces- 
sarily older,  and  has  suffered  more  revolution  of  physical  exposure, 
than  that  which  is  granular,  for  it  is  embraced  within  a  smaller 
pebble,  whereas  the  granular-silica  pebbles  are  not  so  embraced. 
The  granular  silica  pebbles  are  of  the  age  (so  far  as  respects  the 
formation  of  this  boulder)  of  the  gray  quartzose  felsyte  which  in- 
closes the  non- granular  silica  pebbles.  The  inference  is  inevitable 
that  it  cannot  be  exposure  and  incipient  decay  which  causes  the 
granular  condition  of  the  jaspilitic  silica. 

We  visited  again  the  place  that  has  been  so  many  times  referred 
to  south  of  the  Stone  mine  (pits  Nos.  2  and  3)  where,at  the  railroad 
out,  there  is  such  a  curious  mingling  of  the  green  schistof  the  region 
with  jaspilyte.  I  visited  this  cut  with  M.  E.  Wadsworth  in  1886, 
to  call  his  attention  to  the  sedimentary  interbedding  of  the  schist 
and  jaspilyte.  There  is  a  thin-leaved  interstratification,  and  the 
jaspilyte  is  genuine,  as  such,  not  in  ^'compound  grains"  as  I  had 
surmised.  Catting  all  this  chalcedonic  quartz  are  distinctly  dif- 
ferent veins  of  glassy  quartz,  of  chemical  origin,  which  has  to  be 
kept  separate  from  the  jaspilyte,  some  of  them  being  six  inches 
wide,  and  others  not  more  than  one-fourth  of  an  inch — also  geodic 
masses  of  the  same. 

Not  only  is  the  chalcedonic  silica  here  iaterbedded,  in  lenticular 
sheets  of  the  extent  of  one  to  three  feet,  (but  frequently  of  less  ex- 
tent) but  also  there  are  small  pieces  disseminated  through  the 
schist,  from  the  size  of  a  pin- head  to  tbat  of  a  man's  fist,  and  also 
large  masses  having  a  red  and  purple  color,  placed  somewhat  ir- 
regularly in  the  schist. 

There  is  also  a  siliceous  base  in  the  schist,  which  has  this  same 
chalcedonic  grain,  and  some  layers,  (lenticular  still)  of  a  hard 
green  rock,  apparently  more  charged  with  this  same  silica. 

As  to  this  manner  of  occurrence  of  jaspilyte,  I  cannot  make  it 
consistent  with  any  eruptive  hypothesis — nor  yet  with  sedimentary. 
The  green  schist  is  not  here  clearly  of  sedimentary  structure, 
though  there  are  variations  in  it  to  a  more  firm  and  siliceous  char- 
acter, that  may  be  attributed  to  sedimentary  accumulation.  It 
appears  to  be  best  explained  by  supposing  a  combination  of  erup- 
tive and  aqueous  agencies. 

South  of  the  Breitung  opening,  near  the  west  end  of  the  so-called 
*''north  ridge,''  runs  a  narrow  streak  of  ore,  about  east  and  west, 
and  since  I  saw  it  last  it  has  been  worked  some.  Westwardly  it 
suddenly  ceases,  and  a  swampy  patch  supervenes,  so  far  as  can  be 
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of  the  ore  itself  there  is  oonsiderable  pyrites,  and  on  the 
southern  snrface  of  the  ore-streak  can  be  seen  some  original 
jaspilitic  silica,  where  the  hematite  is  hard.  There  is  in  this  ore- 
belt,  besides,  a  considerable  amonnt  of  limonite,  some  of  it  in  bot- 
ryoidal  surfaces  on  quartz  crystals,  and  on  hematite(1564).  The  lim- 
onite  sometimes  is  farther  covered  with  a  tMn  bine  coat^  and  in  some 
cases,  especially  in  the  vicinity  of  pyrite,  there  is  a  snrface  of  cox- 
comb  crystals,  like  hematite,  covered  with  black,  which  last  xx>ssi- 
bly  is  manganese. 

A  little  to  the  south  of  this  opening  is  a  shaft  for  hoisting  from 
this  pit  It  seems  to  have  encountered  flinty,  gray  to  dai^  gray, 
jaspilyte  (1566)  judging  from  a  large  number  of  fresh,  large  pieces 
that  lie  near  in  the  dump,  (=866  B).    Compare  1277. 

The  principal  Breitung  opening  is  very  irregular,  the  direction 
of  strike  of  the  main  ore  mass  winding  about  in  the  green  schist 
from  east  to  west  so  as  to  run  nearly  north  and  south,  and  abruptly 
ceasing,  or  beginning  where  not  expected.  Three  things  are  notice- 
able in  conjunction  with  the  ore. 

1st.  It  is  heavily  jointed,  about  horizontally,  but  this  jointed 
part  is  better  ore,  and  lies  below  a  less  jointed  mass  of  jaspilyte, 
the  line  between  them  being  characterized  by  a  rotted  belt  (1666), 
running  diagonally  across  the  face  of  the  wall  and  descending  toward 
the  west  This  belt  where  most  rotted  is  a  breccia,  so  that  it  is  easily 
dug  out  even  by  the  hand,  and  the  part  that  disappears  by  rotting 
consists  of  angular  jaspilyte  massea  Several  other  beds  of  similar 
soft  and  rotted  materied  are  seen  in  the  ore,  sloping  toward  the  west, 
some  of  them  being  lenticular.  The  occasion  of  this  rotting  is  the 
existence  of  the  joint,  into  which  water  enters  at  the  top  of  the 
ridge  where  it  comes  to  the  surface.  The  joint  cuts  ever3rthing, 
rigidly,  whether  breccia  or  not,  and  the  breccia  is  most  disintegrated 
by  the  moisture  and  frost.  This  is  evident  because,  while  the  rotted 
belt  in  the  main  follows  the  sloping  joint,  the  rotted  belt  widens  out 
when  it  approaches  and  cuts  a  breccia  layer  or  mass,  in  the  main 
rock,  and  in  other  places  the  beds  of  jaspilyte  are  preserved  entire 
or  mainly  so  (when  not  breccia)  across  the  rotted  layer. 

2nd.  The  surface  of  the  ore  abuts  immediately  on  the  green- 
stone, and  the  two  surfaces  are  mutually  slickensided,  the  green- 
stone, in  one  instance  at  least,  having  a  fine,  curved,  semi-basaltic 
structure  which  at  the  junction  is  nearly  perpendicular  to  the  sur- 
face of  contact.  But  in  other  cases  the  schist  is  red  and  hard  along 
the  contact  for  some  distance,  say  for  twelve  or  sixteen  inches,  and 
is  closely  cross  jointed  and  broken,  rendering  it  fissile  in  small 
angular  lumps. 
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8rd.  In  the  remaining  ridge»  which  separate  the  Breitung  from 
the  Tower,  the  firm  jaspilyte  of  which  it  consists  is  seen  to  contain, 
in  several  places,  and  in  one  place  in  a  somewhat  continuous  layer 
traceable,  with  some  interruptions,  twenty  or  more  feet,  a  breccia 
and  conglomerate,  one  inch  to  four  inches  wide»  in  which  are  small 
rounded,  or  sub-rounded,  at  least  water  worn,  pebbles  of  vitreous 
quartz  (1667).  There  are,  on  both  sides  of  this  band,  and  in  many 
places  over  this  immediate  vicinity,  spots  of  breccia  of  chalcedonic 
silica,  cemtoted  by  smaller  breccia  and  pebbles,  as  well  as  by  mass- 
ive chalcedonic  silica,  all  of  which  consist  of  the  well  known  chal- 
cedonic silica.  But  in  the  above  vitreous  silica  there  is  no  such 
fine  grain  as  that  which  characterizes  the  jaspilitic  silica.  On  the 
hypothesis  of  decay  and  disintegration,  as  the  cause  of  the  granu- 
lar condition,  why  is  not  this  condition  seen  also  in  these  rounded 
vitreous  grains  which  must  be  older  than  the  chalcedonic  silica  in 
which  they  are  embraced?  This  observation,  like  that  already  de- 
tailed on  the  pebbles  of  a  large  boulder  seen  not  far  from  the  Lee 
mine,  negatives  all  resort  to  such  hypothesis.  In  this  pebbly  jas- 
pilyte the  vitreous  quartz  grains,  although  obvious,  are  distributed 
rather  sparsely,  and  the  whole  space  they  occupy,  forming  an  ir- 
regular and  interrupted  vanishing  belt,  or  layer,  near  the  center  of 
the  main  mass,  is  not  more  than  three  or  four  inches  wide,  and  is 
not  a  noticeable  band. 

North  of  the  Tower  mine  (No.  8),  on  the  north  slope  of  the 
north  ridge,  is  a  conspicuous  shoulder-like  protrusion  of  hard  rib- 
bon-jasper, with  characteristic  undulating  and  contorted  bands. 
This  jasper  has  five  or  six  thin  layers  of  green  schist,  or  siliceous 
green  schist,  running  through  it,  which  were  cotemporary  with  the 
formation  of  the  jasper,  since  they  are  flexed  with  the  red  and 
white  bands.  These  layers  enter  on  the  eastern  border  of  the 
exposure  and  continue  zigzag  across  it,  but  some  of  them  pinch 
out  or  fade  out  before  they  reach  the  eastern  border.  One  of 
them,  after  such  disappearance,  rises  again  faintly  a  few  inches 
further  west  between  the  same  colored  bands  that  enclosed  it 
further  east.  Figure  7  was  sketched  from  this  jaspilyte  surface, 
with  the  design  to  indicate  the  forms  and  alternations  that  are  ex- 
hibited, but  no  drawing  can  show  all  the  contortions,  and  transi- 
tions, and  alternations.  The  shaded  part  is  one  of  the  green  schist 
bands.  On  close  inspection  it  is  found  to  be  considerably  modified 
from  the  typical  green  schist  of  the  country,  having  a  liberal  per- 
centage of  silica — indeed  it  is  so  siliceous  that  were  it  not  for  the 
contrast  it  presents  with  the  smooth,  hard  jasper  it  would  hardly 
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be  oallM  green  boIubL   Other 

belts  of  it,  however,  are  Iwh 

firm,  and  fade  gradoally  into 

a  softer    (yet  oomparatiTely 

eilioeooB)  lifiht-green    Bohist 

which  cannot  be  miataken  lac 

anything  else  than  a  part  of 

the  same  rock  as  the  green 

schist  of  the  coostry.  Id  case 

of  all  these  green  stylist  belts, 

though  more  silioeons   than 

I  the  average  green  schist  of 

£  the  oonntry,  they  have  diain-' 

u  tegrated  and  been  removed  by 

I  the  action  of  frost  and  veg&- 

vtatioD,    BO    that  along   their 

t  course   across    the    jaspUyte 

i  knob,  are  little   tortaons 

I  grooves  dae  to  their  more  rap- 

3  id  decay.    A  photograph  was 

s  made  of  this  jaspilyte  Bar&oe, 

"^  for  which  see  bolletin  No.  6. 

I     In  Fig.  7  the  booked  ex- 
I  pansion  and  sndden  termina- 
I  tion  of  the  green  Bcbiat  band 
Z  are  in  conneotion  with,  and  a 
3  part  of  a  general  oontortiott 
Q  in  the  jaspilyte  which  bends 
r  in  the  same  direotioo,  t.  e. 
[  some  of  the  thin  layers  da 
^  The  lamina  of  green  schist, 
^-  in  an    attenaated    condition 
^  tons  from  the  end  of  the  book 
some  farther  and  sgneezes  oat 
gradaally,  and  is    lost,    the 
jaspilyte  walls  ooming  togeth- 
er, so  far  as  the  appearance 
shows  on  the  glaciated  snr- 
face.    Beyond  the  keel  of  the 
hook,  however,  in  the  general 
coarse  of  direction  of  the  band, 
the  green  schist  band  appears 
again,  and  continues  as  far  as 
,    the  onoovered  condition   of 
the  snrtaoe  will  allow  of  its 
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being  traoed.  Here  the  contortion  is  in  the  form  of  a  swell- 
ing and  lifting  toward  the  north.  The  beds  next  south  run  along 
without  showing  any  sympathy  with  this  irregularity.  There  is 
also  a  similar  protrnsion  and  contortion  seen  on  the  north  side  near 
the  center  of  the  sketch.  On  the  south  side  here  also  the  jasper 
ribbons  are  not  disturbed.  These  contorted  protrusions  toward  the 
north  must  have  formed  before  the  formation  of  the  succeeding 
jasper  bands  in  that  direction,  because,  not  only  do  they  not  par- 
ticipate in  the  contortion,  but  easily  pass  by  the  protrusions  with 
gentle  swells  and  flexures  that  are  independent  of  the  close 
crumpling. 

The  shaded  part  (Fig.  7)  is  a  belt  of  green  schist.  No.  1.  at  the 
left  is  a  thin  scale  of  brown  jasper.  Toward  ^he  right  further  it  is 
gradually  replaced  by  a  thin  scale,  and  further  still  to  the  right  by 
a  narrow  ribbon,  of  hematite.  In  this  brown  jasper  are  lenticules 
of  crimson  jasper,  presenting  a  maculated  handsome  surface.  It 
also  shows  the  fine  lamination  one  thirty^second  part  of  an  inch 
wide  which  has  before  been  mentioned  as  a  characteristic  of  the 
jaspilyte  ribbons.  It  also  embraces  thin  sheets  of  hematite,  and 
it  is  cut  and  cemented  by  transverse  veins  of  crystalline  vitreous 
silica.  No.  2  is  mainly  hematite,  but  it  has  threads  (really  sections 
of  sheets)  of  brown  jasper;  and  at  the  central  swell  it  is  rendered 
impure,  being  broken,  spread,  separated  by  brown  jasper  sheets, 
and  occupies,  with  the  jasper  associated  with  it,  the  whole  of  the 
swell.  No.  3  is  a  broad  band  of  brown  jasper,  that  also  shows  the 
crimson  jasper  already  mentioned.  No.  4  embraces  a  group  of 
hematite  sheets  interleaved  with  jasper,  too  thin  and  too  close  to 
be  separately  traced.  No.  5  is  a  band  of  hematite  which,  at  the 
east  end  of  the  sketch  is  seen  to  be  flexed  southward  so  as  to  em- 
brace and  to  coincide  with  the  pot-hook  direction  of  the  green  schist, 
but  toward  the  west  runs  independently  of  the  sharp  north-side 
hook  at  the  west  end  of  the  sketch. 

The  inevitable  inferences  from  a  study  of  this  rock  surface  are: 
(1)  that  the  two  substances,  the  green  schist  and  the  siliceous 
jaspilyte  and  the  hematite  were  the  product  of  practically  identical 
forces  acting  on  different  objects;  (2)  that  after  the  formation  of 
some  of  the  narrow  bands  they  were  disrupted  and  contorted 
before  the  formation  of  the  next  succeeding  bands;  (3)  that  the 
southern  side  was  the  lower,  and  hence  the  older  side,  and  that  the 
growth  was  from  the  south  to  the  north  (as  the  beds  now  ptand); 
and  (4)  that  there  was  usually  a  complete  cessation  of  the  de- 
posit of  the  siliceous  jaspilyte  when  the  materials  of  the  green 
schist  were  accumulating,  and  vice  versa,  but  that  occasionally,  as 
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illuBtrated  in  these  rather  hard  bands  of  green  schist,  the  two  sub- 
stances were  deposited  simultaneously. 

Any  theory  that  will  satisfactorily  account  for  the  origin  of  the 
Keewatin  iron  ores,  must  allow  for  these  inferences  from  the 
physical  structure  at  the  same  time  that  it  plausibly  accounts  for 
the  origination  of  the  elements  of  which  the  jaspilyte  and  the 
green  schist  consist. 

The  fact  that  there  was  some  force  concerned  that  could  fracture 
the  last-laid-down  layer  without  disturbing  the  deeper  ones,  and 
that  it  was  remittent,  so  that  succeeding  layers  were  normally 
formed  and  were  not  fractured  is  demonstrated  also  by  a  sketch 
made  here  showing  an  interrupted  layer  of  brown  jasper,  the 
separated  parts  being  surrounded  by  hematite  and  embraced  in  a 
continuous  schist  of  it,  one  of  the  integral  bands  of  the  jaspilyte, 
but  themselves  also  seamed  by  crystalline  silica  at  other  points. 
See  bulletin  No.  6. 

I  am  impressed  with  the  indications  that  this  silica  is  arranged 
by  sedimentation.  What  was  its  origin? — probably  chemically 
precipitated;  perhaps  also  that  of  the  St  Peter  sandstone,  although 
they  are  very  difPerent  in  respect  to  size  of  grain  and  in  age.  The 
eruptions  of  basic  rock  that  characterized  the  Keewatin  must 
have  made  such  changes  in.  the  chemical  conditions  of  the  oceanic 
water  that  silica  and  hematite  were  thrown  down.  Can  that  be 
shown?  Then  came,  if  not  the  minute  crumpling,  at  least  the 
general  tilting  which  has  brought  the  beds  to  verticality. 

It  is  well  known  that  the  first  attempt  to  extract  ore  from  these 
hills  was  made  by  George  B.  Stuntz  and  John  Mallmann.  Mr. 
Mallmann  happened  to  be  at  Tower  at  the  time  this  examination 
was  being  made,  and  he  kindly  pointed  out  the  spot  where  this 
working  was  done,  and  we  made  a  photograph  of  the  same.  It  is 
near  the  Lee  mine,  on  the  south  side  of  the  '*south  ridge,'*  not  far 
west  of  the  east  opening  (No.  11).  By  the  blast  one  large  lenticu- 
lar mass  weighing  three  or  four  tons  was  rent  from  the  south  side 
of  the  jasper  bluff.  The  photo  is  intended  to  show  this.  In  the 
hole  excavated  by  the  men  and  by  the  blast  bushes  have  now 
grown  up,  but  the  course  of  the  drill  is  still  visible  on  the  upper 
side  of  the  dislodged  mass.  The  photograph  is  reproduced  in 
Bulletin  No.  6. 

In  the  highest  of  the  tunnels  of  the  Tower  mine,  which  dis- 
charges southward,  and  also  the  most  westerly,  and  at  the  southern 
end,  is  a  north  and   south  rock-cut  which  seems  to  trans-sect 
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at  a  more  western  point,  the  rock  to  which  I  have  so  often  referred 
at  the  railroad  catting  immediately  south  of  the  Stone  mine,  abont 
half  a  mile  farther  east.  The  mixed  and  generally  interleaved 
condition  of  the  green  schist  and  the  jaspilyte  is  the  same,  but  at 
this  place,  as  the  cat  is  across  the  structure  more  can  be  seen  of 
the  relations  of  the  two  rocks,  viz. : 

1.  The  jaspilyte  is  contained  in  the  schist  in  lenticular  masses, 
and  in  thin  interleaved  vanishing  sheets  that  have  their  sharp 
edges  upward  and  downward.  This  is  most  manifest,  in  innumer- 
able  instances  here  within  the  horizontal  space  of  thirty  feet. 

2.  The  jaspilyte  is  contained  in  similar  masses  that  terminate 
east  and  west  in  the  schist 

3.  In  the  space  of  22  feet,  north  and  south  on  the  face  of  this 
cut,  I  count  36  jaspilyte  layers,  varying  in  thickness  from  \  inch 
to  24  inches,  all  of  them  having  at  least  6  inches  extent  up  and 
down,  the  rest  of  the  rock  being  green  schist,  or  jaspilitic  red 
schist  (or  "shale"  similar  to  rock  1547).    Besides  these  there  are 

some  indefinite  graywacken  layers 
containing  rounded  pieces  of  jaspilyte 
as  pebbles. 

4.  On  the  east  side  of  the  cut  is 
seen  the  manner  of  termination  of  one 
of  the  larger  lenticules  of  jaspilyte, 
in  the  midst  of  the  schist,  the  exposed 
terminal  end  appearing  unbroken  near 
the  track,  though  broken  ofF  at  the 
top  by  the  work  of  making  the  cut- 
ting. The  shape  of  this  western  term- 
ination is  represented  by  figure  8, 
which  shows  a  section  across  the  len- 

'  Western  termination  of  a  Jaspilyte  ticulc  north  and  SOUth. 
lentlcule. 

6.  Within  two  inches  of  this  large  mass,  sketched  above,  was  a 
amaller,  apparently  concretionary  mass  of  jaspilyte,  about  18 
inches  in  its  greater  (perpendicular)  diameter,  appearing  on  the 
face  of  the  cut  to  be  entirely  surrounded  by  the  green  schist  and 
separate  from  the  larger  lenticule.  Desiring  to  know  whether  it 
was  connected  with  the  foregoing  large  mass,  I  had  a  crow-bar 
brought,  and,  on  making  some  excavation  about  it,  the  smaller 
egg-shaped  lenticule  was  dislodged  entire  and  fell  to  the  ground. 
It  left  a  continuous  concave  socket,  the  exact  imprint  of  itself,  and 
was  coated  and  smoothed  over  its  whole  exterior  in  the  same 
manner  as  the    larger  one,  and  was    wholly  independent   and 
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separate  from  it.  It  is  numbered  1568.  It  is  sharper,  in  cross 
section,  at  the  iipi)er  end  than  at  the  lower,  and  while  about  18 
inches  in  perpendicular  diameter  it  is  four  and  one-half  inches 
thick  (n.  and  s.)  and  eight  inches  wide  (t.  e.,  east  and  west). 
Several  small  parts,  broken  from  the  upper  end  before  it  was  dis- 
lodged, are  also  given  this  number.  This  shows  that  the  egg  con- 
sists essentially  of  hard  chalcedonic  silica,  with  a  little  hematite. 

6.  Within  the  tunnel,  toward  the  north  further,  the  green 
schist  contains  graywacken  bands.  In  these  are  small  x)ebblcs  of 
chalcedonic  silica,  but,  in  1569,  can  be  seen  three  (1  in.  thick)  veins 
of  chalcedonic  silica  crossing  the  structure  of  the  green  rock  at 
oblique  and  varying  angles.  This  was  taken  from  the  roof  of  the 
tunnel,  about  16  feet  from  the  southern  entrance. 

7.  In  No.  1568  the  principal  color-bands  run  across  the  face  of 
the  section,  and  are  not  wholly  concentric  There  is  a  series  of 
accretionary  bands,  surrounding  these  and  inclosing  them  with 
an  outer  rusty  coating,  which  gives  color  to  the  supposition  that 
the  egg  is  wholly  concretionary.  These  outside  bands  fade  off  in- 
to the  green  schist  structurally  and  mineralogically. 

8.  The  mass  itself  appears  to  have  been  a  fragment  dislodged 
from  its  native  place,  and,  while  perhaps  not  yet  firmly  rigid,  to 
have  been  imbedded  in  the  materials  that  now  constitute  the  schist, 
and  with  them  to  have  suffered  the  pressure  and  upheaval  that 
have  brought  the  beds  into  their  present  vertical  position.  If  it 
had  become  rigid  before  it  was  placed  in  the  schist,  it  might  still, 
perhaps,  have  been  compelled  to  take  its  ovate  form  by  reason  of 
pressure  and  the  mechanical  movements  to  which  the  beds  have 
been  subjected.  Judging,  however,  from  the  general  ovate  form 
of  all  the  jaspilitic  lenticules,  even  the  largest^  it  seems  more  reaa- 
onable  to  ascribe  this  shape  to  some  forces  or  circumstances  thai 
attended  its  origination  than  to  mechanical  causes  that  operated 
afterward. 

Bevisiting  the  old  pit  of  the  Stone  mine,  and  noting  the  so-called 
jaspilyte  dikey  illustrated  in  the  15th  report  (see  p.  236),  we  ob- 
served another  egg  or  jaspilyte  similar  to  that  just  described, 
though  this  is  partly  disintegrated  now  so  as  to  reveal  an  original 
brecciated  structure,  at  least  on  one  side.  The  harder  part  is  x)er- 
pendicularly  banded  jaspilyte.  On  its  exterior  is  a  layer  of  red 
shale  about  one  and  one-heJf  inches  in  thickness.  This  egg  is  en- 
tirely isolated  within  the  schist  as  shown  by  the  following  sketch, 
fig.  9,  made  on  the  spot. 
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A  very  iatoreBtiDg  and  iuBtruo- 
S  tive  obeerratioti  was  made  at  the 
^  Stontz  mine,  or  No.  L  In  eome  of 
3  the  large  angtilar  pieoea  thrown 
» I  ont  apoQ  the  dump  ia  seen  a  sin- 
Z  H  golar  sort  of  oongtomerate  and 
e  S  breooia.  It  U  illoatrated  by  the 
^y  folloTing  aketoh,  likewise  made  on 
|i  the  spot,  fig.  10. 

sS  In  ^o.  1,  by  far  the  predomina> 
^  u  ting  Ingredient  is  white,  chalce> 
V  a  donio  silica.  The  same  is  tme  of 
3  ;|  Na  3.  No.  2  seems  to  have  been 
^  suddenly  introduced  in  the  midst 
i  of  a  silioa-forming  epoch,  and  aa 
Bt  suddenly  to  have  ceased.  This 
^  interruption  caused  the  coarse 
fragmental  transport  of  masses  from  some  previously  formed  green 
schist  and  from  the  previonsly  formed  brown  jaspilyte.  The  green 
schist  pieces  are  somewhat  rounded,  as  would  be  expected  from 
their  softer  nature,  but  the  brown  jaspilyte  pieces  are  angular. 


BxpUtnaiion  of  figure  10. 

1.  White  cbalcedonlc  aillca,  banded  with  a  Itttle  pure  hematite. 

2.  Oonglotnerate  and  breccia  of  green  schist  and  brown  Jasper.    The 
black  parts  show  the  shapM  of  the  green  schist  pieces. 

3.  Wbit«  silica  and  hematite. 
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This  indicates  some  rupturing  agent  that  acted  on  both  rocka.  In- 
deed, there  are  many  evidences  that  a  frequently  recurring  force, 
whatever  it  was,  interrupted  the  quiet  accumulation  sometimes  of 
the  jaspilyte  and  sometimes  of  the  schist,  and  tore  up  sometimes 
only  the  last  laid-down  thin  layer,  and  sometimes  larger  thick- 
nesses  of  the  formed  beds,  and  removed  them  to  smaller  or  greater 
distances  from  their  native  places.  This  force  acted  in  a  common 
manner  on  both  the  acid  jaspilyte  and  the  basic  schist. 

There  is  hence  much  reason  to  suppose  that  all  three  of  the 
known  agencies  for  rock-forming  were  intermittently  at  work  and 
concerned  in  the  formation  of  the  iron  ore,  viz.:  Eruption^  to 
afford  the  basic  eruptive  material;  sedimentation^  to  arrange  it  (in 
the  main),  and  chemical  precipitation  in  the  same  water,  to  give 
the  pure  hematite  and  the  chalcedonic  silica.  What  was  the  cause 
of  the  chemical  change  in  the  waters  of  the  Keewatin  ocean  that 
brought  about  the  precipitation  of  silica  and  hematite,  is  matter 
for  further  research.  An  ocean,  universal  as  the  Keewatin  forma- 
tion, charged  with  silica  in  solution,  a  hot  alkaline  ocean,  on  the 
outburst  of  volcanoes,  might,  perhaps,  be  so  far  heated,  and  evap- 
orated, as  to  be  compelled  to  deposit  silica  as  a  chemical  precipi- 
tate. On  the  other  hand  the  introduction  of  cooler  currents  into 
the  heated  region  would  disturb  the  equilibrium  of  saturated 
solutions,  and  hematite  (or  limonite)  might  be  the  resultant  pre- 
cipitate. There  is  reason  to  believe  the  earthy,  or  semi-crystalline, 
schists  of  the  age  of  the  Keewatin  are  world-wide,  and  that,  there- 
fore, the  ocean  everywhere  had,  in  general  then,  as  now,  nearly  a 
constant  character,  only  as  modified  by  local  or  wide-spread  volcanic 
agents. 

By  the  railroad,  just  south  of  the  Tower  pits  (Nos.  8  and  9),  is  a 
light  greenish,  novaculitic  rock  which  dips  N.  75  to  80  degrees 
( 1557 ),  It  passes  into  gray  wacke.  It  is  eJso  highly  siliceous  with 
both  chalcedonic  and  vitreous  quartz,  and  has  a  fine  white  ingredi- 
ent that  gives  it  a  feebly  talcose  feel,  the  last  being  the  same  ele- 
ment that  we  have  called  sericitic.  The  soft,  light  green  (or  white) 
mineral  varies  in  amount  from  layer  to  layer^  so  that  some  of  the 
sheets  are  smooth  and  soft  throughout,  and  schistose,  others  being 
more  like  gray  wacke,  and  others  almost  a  quartzyte  in  which  the 
vitreous  quartz  grains  can  easily  be  distinguished  from  the  chal- 
cedonic, by  their  dark  color,  that  is,  by  their  absorption  of  light 
which  falls  upon  their  fractured  surfaces. 

I  met  Mr.  W.  G.  La  Bue,  of  Barraboo,  Wis.,  and  he  gave  me 
further  evidence  that  there  are  really  two  quartzytes  concerned,  as 
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already  repreaented  by  me,^  Ib  the  geolc^y  of  the  Gk>gebic  iron 
region.  One  is  that  whioh  is  the  foot-wall  of  the  Oolby  and  Au- 
rora mines,  and  the  other  is  that  which  Mr.  La  Bue describes,  viz.: 
North  from  the  Oolby  mine,  near  the  blnfipS  of  the  gabbro  range, 
whioh  there  are  plainly  visible  rising  as  a  series  of  hills  within  a 
mile  or  less  of  the  village  (Bessemer),  he  was  employed  to  explore 
for  ore  by  shafting  for  some  parties  who  thought  there  was  ore 
near  the  gabbro.  He  said  that  under  the  gabbro  he  found  a 
quartzytCi  and  a  sandstone,  the  two  differing  only  in  induration, 
one  being  more  easily  excavated  than  the  other,  both  consisting  of 
crystalline  quartz.  He  shafted  under  the  quartzyte  in  a  conglom- 
erate of  iron  ore,  which  seems  to  be  comparable  to  that  found  in 
a  similar  situation  at  Ishpeming,  Mich.,^*  and  at  Cascade  near 
Negaunee,  and  after  a  time  he  found  that  the  conglomerate  turned 
almost  at  a  right  angle  toward  the  north.  He  did  not  seem  to 
know  what  was  under  the  conglomerate,  but  he  told  me  he  found 
the  quartzyte  and  sandstone  together  236  feet  thick.  This  was  in 
the  Bw^,  ne^  sec.  10,  47-46,  Michigan.  This  is  apparently  the  un- 
conformable conglomerate  and  quartzyte  that  I  noted  at  Bessemer, 
at  the  railroad,  in  a  small  exposure,  in  my  sixteenth  report. 


IV. 

The  Aoe  of  the  Gabbro. 

In  attempting  to  correlate  these  observations  with  those  which 
have  been  made  and  recorded  in  previous  years,  there  is  some  dif- 
ficulty in  fixing  the  stratigraphic  place  of  the  gabbro  eruption.  It 
was  inferred  by  the  Wisconsin  geologists  that  the  gabbro  sheet  was 
the  bottom  layer  of  the  great  Cupriferous  formation,  or  Keweena- 
wan,  and  this  was  accepted  and  has  been  followed  unquestioningly 
by  the  writer  in  all  previous  reports  and  discussions  of  the  crystal- 
line rocks  of  the  state.  The  age  of  the  great  Cupriferous  formation, 
with  its  traps  and  conglomerates,  in  part  at  least,  has  been  estab- 
lished, with  increasing  evidence  and  positiveness  as  on  the  horizon 
of  the  typical  New  York  Potsdam — at  least  at  the  horizon  of  a 
quartzyte  which  overlies  the  Animike  of  the  northwest 

Thus  the  gabbro  sheet  was  carried  to  the  same  age.  When  the 
gabbro  was  found  to  be  interbedded  with  a  quartzyte  in  northeast- 
em  Minnesota,  and  to  lie  upon  and  overwhelm  it,  (the  Pewabic 
quartzyte),  it  was  a  necessary  inference  that  that  quartzyte  was  the 

*    See  Idth  Annual  Report,  pp.  56-6. 

••    Hi'o  the  16th  Annual  Report,  pp.  44-47. 
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equivalent  of  the  Potadam — or  at  least  of  the  bottom  qaartzyte  of 
the  GupriferooB — and  hence  must  lie  over  the  Animike,  although 
at  no  place  could  the  Animike  be  seen  interposed  between  it  and 
the  gneisses  of  the  dnant's  range.  When  it  was  found  that  this 
quartzyte  which  is  the  principal  iron  horizon  of  the  Mesabi  range, 
shows  evidence,  in  the  region  eastward  from  Pokegama  falls,  of 
passing  below  the  body  of  the  Animike  strata,  necessarily  carry- 
ing with  it  the  gabbro  sheet,  the  idea  that  the  gabbro  has  possibly 
been  put  into  a  wrong  position  is  brought  out  prominently  before 
the  student  of  northwestern  stratigraphy,  and  he  is  disposed  to  call 
in  question  the  datum  from  which  some  important  conclusions  have 
been  drawn. 

The  gabbro  sheet  itself  is  a  wonderful  formation,  both  in  geo- 
graphic extent,  and  in  vertical  thickness.  It  is  also  wonderful  in 
the  diversity  of  lithological  variations  that  it  displays — t  e,  when  it 
approaches  the  characters  of  a  normal  doleryte,  or  when  it  is  inter- 
stratified  with  beds  of  sedimentary  origin,  or  when  it  is  modified 
by  contact  with  them.  Yet  its  persistence  under  erosive  and  at- 
mospheric agents,  and  its  great  volume,  causes  it  to  appear  promi- 
nently and  suddenly,  and  frequently,  giving  it  the  reputation  of 
greater  area  and  importance  than  it  deserves.  This  is  rendered 
more  marked  by  the  fact  that  its  line  of  outcrop  is  characterized  by 
heavy  drift  deposits  which  have  covered  up  the  less  persistent  for- 
mations and  hid  from  inspection  their  true  relations  both  to  the 
overlying  and  underlying  strata.  It  was  hence  a  very  natural  con- 
clusion that  its  advent  was  the  opening  scene  of  that  succession  of 
eruption  and  sedimentation  which  is  displayed  in  the  Cupriferous 
formation  and  that  the  whole  should  be  grouped  together  under 
that  single  designation. 

It  is  the  design  of  this  chapter  to  call  attention  to  some  facts  that 
indicate  that  the  gabbro  lies  below  the  Animike,  (Huronian  black 
slate),  in  great  part,  and  that  the  later  trap  eruptions,  continuing 
through  the  Animike  and  the  Potsdam,  (i.  e.,  the  Huronian  quartz- 
yte), probably  constitute  the  age  and  the  strata  of  the  Cupriferous 
formation — the  "Eeweenawan"  of  the  Wisconsin  geologists  In 
other  words  it  seems  as  if  the  Eeweenawan  series,  in  its  full  scope, 
embraces  not  only  the  age  of  the  Huronian,  (Potsdam),  quartzyte, 
but  also  of  the  black  slates  of  the  Huronian  that  underlie  the  quartz- 
yte. 

1.  The  most  important  and  significant  fact  that  bears  on  the 
stratigraphic  position  of  the  gabbro,  respecting  its  relation  to  the 
Animike  black  slates,  is  its  occurrencd  along  a  wide  extent,  reach- 
ing from  Gunflint  lake  southwestward  as  far  as  to  the  railroad 
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crossiDg  at  MallmaDn's,  (at  least),  next  to  and  immediately  south 
either  of  the  gneiss  of  the  Giant's  range  or  of  the  "greenstones"  of 
the  Eawishiwin,  without  the  appearance  of  any  of  the  black  slates 
between  them.  There  is  an  appearance  of  quartzyte,  with  olivine 
grains  and  with  magnetite,  geographically  between  the  gneiss  and 
the  gabbro,  the  same  being  unquestionably  the  Pewabic  quartzyte 
seen  near  Gunflint  lake.  This  quartzyte  sometimes  is  impure  and 
limonitic,  and  seems  to  be  the  chief  iron  horizon  of  the  Mesabi 
range.  This  near  conjunction  (which  is  sometimes  apparently  an 
exact  contact)  of  the  gabbro  with  the  gneiss,  and  the  absence  of  the 
Animike  proper  between  them,  has  been  supposed  to  be  due  to  a  local 
overlap  of  the  gabbro  beyond  the  strike  of  the  Animike,  covering  it 
from  sight,  the  idea  being  that  the  gabbro  flowed  back  northward 
over  older  formations,  and  came  on  to  the  gneiss. 

2.  Although  there  has  not  yet  been  any  careful  microscopic  ex- 
amination into  the  differences  between  the  typical  gabbro  (for  in- 
stance that  seen  at  Bice's  point,  near  Duluth)  and  the  eruptive 
rocks  that  overlie  the  Animike  black  slates  at  Gunflint  lake  and 
eastward  to  Pigeon  point,  it  has  been  noted  that  there  are  macro- 
scopic distinctions  which  ought  to  be  explained  in  case  of  a  sup- 
posed parallelism  of  one  rock  with  the  other.  The  supposition  has 
been  that  they  are  stratigraphically  and  chronologically  the  same, 
and  that  the  differences  were  only  local  and  unimportant.  It  was 
this  assumed  parallelism  and  the  evidently  later  age  of  the  eastern 
outcrops  (the  "crowning  overflow"  of  the  Animike)  which  has  led 
to  the  placing  of  the  gabbro  later  than  the  Animike.  There  is  ab- 
solutely no  other  evidence.  If  these  two  eruptive  rocks  are  not 
contemporary  there  is  not  only  no  reason  against  but  considerable 
evidence  in  favor  of  placing  the  typical  gabbro  (such  as  at  Bice's 
point,  and  at  Little  Saganaga  lake)  below  the  body  of  the  black 
slates. 

3.  Boulders  of  characteristic  gabbro  and  of  red  syenite,  and  of 
quartz  porphyry,  occur  abundantly  in  the  later  "traps"  of  the  Cupri- 
ferous. The  quartz  porphyry  pebbles  are  so  abundant  as  to  consti- 
tute the  well  known  thick  beds  of  coarse  conglomerate;  and  quartz- 
porphyry  layers  or  lenticular  sheets  are  interbedded  between  the 
trap  sheets.  This  quartz-porphyry  in  some  cases  appears  to  have 
originated  in  its  present  condition  of  interleaved  sheets  during  the 
time  of  the  Cupriferous.  This  is  observable  at  the  mouth  of  Bap- 
tism river,  and  at  the  Great  Palisades.  At  these  points,  however, 
owing  to  the  proximity  of  bosses  of  gabbro  rising  above  the  rest 
of  the  country  about^  it  is  certain  that  those  portions  of  the  Cupri- 
ferous which  contain  the  original  quartz-porphyry  beds,  are  near 
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the  bottom  of  the  formation.  This  Ib  farther  shown  by  the  exist- 
ence, in  the  same  region  (at  and  near  Beaver  Bay),  of  large  boulder- 
masses  of  gabbro  in  the  trap  flows,  evidently  derived  from  the 
neighboring  gabbro  hills.  From  this  point,  northward  to  the  gneiss 
of  the  Giant's  range,  nothing  is  visible,  in  the  form  of  rock  in  situ, 
except  gabbro,  or  some  ''mascovado"-like  rook  described  at  some 
outcrops  somewhat  further  west*  by  H.  V.  Winchell.  The  region 
is  not  fully  explored,  but  it  appears  from  all  that  is  known,  that 
there  is  nothing  to  be  found  of  the  typical,  thin  black  slates  of  the 
Animike.  It  is  as  reasonable  to  infer  that  they  followed  after  the 
gabbro  flood,  as  that  they  preceded  it.  In  case  they  followed 
after  it,  their  typical  characters  were  destroyed  in  this  region  by 
the  frequent  outbursts  of  igneous  eruption,  and  they  blended  with 
the  tuffs  and  shales  and  basic  sheets  that  constitute,  on  the  north 
shore  of  lake  Superior,  the  lower  portion  of  the  Cupriferous  for- 
mation. In  case  they  preceded  they  must  exist  buried  below  the 
gabbro,  as  hitherto  supposed. 

4  In  further  consideration  of  the  possible  infra-position  of  the 
gabbro  mass,  below  the  Animike  proper,  attention  should  be  given 
to  the  record  of  the  deep  well  at  Duluth,  as  given  in  Bulletin  No. 
5,  of  the  survey.  The  interpretation  of  the  record,  given  on  page 
34,  shows,  below  the  gabbro,  (which  is  found  to  be  220  feet  thick), 
quartzyte  and  conglomerate  beds  interstratified  with  imperfectly 
characterized  gabbro,  the  whole  having  a  thickness  of  67  feet 
Then  followed  trap  sheets,  and  fragmental  tuffs,  for  a  thickness  of 
89  feeb  Then  follows  what  was  thought  to  be  the  Animike,  "evi* 
dently  the  Thompson  slate  formation."  In  the  light  of  the  fore- 
going (Nos.  1, 2  and  3)  however,  and  on  reviewing  the  descriptions 
given  of  the  drillings  of  this  well  (pp.  31-34),  the  writer  considers 
it  quite  doubtful  whether  ''the  Thompson  slate  formation'^  is  on  the 
horizon  of  the  Animike  of  the  northwestern  part  of  the  state.  The 
existence  of  a  minutely  granular  condition  in  the  quartz  (Nos.  39, 
46,  60),  recalling  the  ''chalcedonic  silica"  of  the  Eeewatin,  and  of 
a  distinct  slaty  cleavage  not  due  to  sedimentary  bedding  (Nos.  28, 
36,  37,  53),  and  of  hydromicaceous  or  sericitic  schist  (Nos.  28, 
30-39),  and  kaolinic  itacolumyte  (No.  41)  noticed  and  recorded 
when  the  writer  was  impressed  with  the  expectation  of  finding 
Animike  characters,  must  be  admitted  to  point  to  the  Eeewatin 
schists  and  graywackes*  There  are  other  coincident  descriptions 
of  the  outcrops  about  Thompson,  to  be  found  in  the  tenth  annual 
report  (pp.  12-31 )  which  throw  doubt  on  the  supposed  parallelism 


^Seventeenth  report,  p.  90-91,  Samples  387  (H). 
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of  the  Thompson  slates  with  the , Animike  of  northwestern  Minne- 
sota, viz: 

1.  Folia  of  qnartz  and  slates,  or  schists  interbedded,  (p.  12,  No. 
454  p.  16,  No.  466,  p.  17,  No.  472),  is  a  character  not  known  in  the 
Animike. 

2.  There  is  a  conspionoos  perpendicular  slaty  cleavage  in  all 
parts  which  is  not  dependent  on  the  sedimentary  stmctore.  a  char- 
acter not  seen  at  all,  or  rarely,  in  the  Animike  in  the  northwestern 
part  of  the  state. 

5.  The  clay  slates  are  frequently  pyritiferous,  (p.  18,  No.  473.) 
4    Feldspathio  graywacke  (often  called  gray  qaartzyte  in  the 

original  descriptions)  is  a  conspicuous  feature  in  the  strata  north 
from  N.  P.  Junction  (p.  28,  No.  604).  • 

It  is  only^  intended  here  to  make  record  of  these  reasons  for  hes 
itating  before  accepting  the  parallelism  of  the  whole  of  the  Thomp- 
son slates  with  the  Animike  of  the  northwestern  part  of  the  state, 
notwithstanding  the  fact  that  it  has  been  accepted  hitherto,  both 
by  the  Wisconsin  survey,  the  U.  8.  geological  survey,  and  by  the 
Minnesota  survey. 

6.  On  the  supposition  that  the  Animike  black  slates  are 
involved  in  the  Keweenawan,  and,  while  overlying  the  gabbro,  lose 
their  typical  characters  at  points  further  southwest,  the  interbed- 
ding  of  the  Animike  with  beds  of  trap-rock,  which  is  a  common 
feature  about  Gunflint  lake  and  on  the  shores  of  Loon  lake,  is 
easily  explained,  and  indeed  falls  into  place  as  one  of  the  to-be- 
expected  facts  of  such  a  period  of  recurring  eruptions.  It  also 
obviates  the  necessity  of  a  supposed  change  in  the  character  of 
the  eruptive  rock,  t.  e.  that  the  gabbro  of  Bice's  point  and  Little 
Baganaga  lake  becomes,  on  Pigeon  river,  the  dark  or  greenish  trap- 
rock  and  the  dioryte  which  inter-bed  and  characteristically  overlie 
the  Animike,  forming  the  well-known  ''crowning  overflow"  of  that 
region. 

V. 

FxTBTHEB  Observations  on  the  Typical  Huronian,  and  on 

THE  Books  about  Sudbury,  Ontario. 

In  the  summer  of  1889,  on  the  occasion  of  the  Toronto  meeting 
of  the  Geological  Society  of  America,  the  opportunity  was 
improved,  both  in  going  and  in  coming,  to  extend  a  former  ac- 
quaintance made  with  the  rocks  of  the  region  north  and  east  of 
lake  Huron.*     A  resume  of  these  observations  was  read  before 

*  Compare  the  sixteenth  annual  report  of  the  Minnesota  survey. 
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the  Minnesota  Aoademy  of  Natural  Sciences  at  the  October  meet- 
ing, 1889.  In  order  that  the  bearing  of  the  following  facts  and 
interpretations  may  be  ondeistood  by  any  who  haye  not  giyen  close 
attention  to  the  developments  of  Archean  geology  in  the  northwest 
during  the  last  few  years,  a  brief  resume  may  be  the  best  intro- 
duction. 

It  is  well  known  that  in  the  term  Archean  are  included  two 
groups  of  rocks,  the  Huronian  and  the  Laarentian.*  These 
terms  are  of  long  standing,  and  have  been  used  in  the  geological 
literature  of  nearly  all  parts  of  the  world,  wherever  geological  re- 
search has  been  carried  on  in  the  oldest  rocks.  They  were  pro- 
posed by  the  Canadian  geologists  in  1855,  and  were  in  a  few  years 
adopted  by  the  geologists  of  the  United  States,  and  they  are  yet 
found  in  nearly  all  of  the  text  books  of  geology  in  ^use  in  this 
country,  with  the  signification  that  the  Canadian  geologists  have 
given  them.  It  is  not  necessary  to  say  here  what  inconsistencies 
were  involved  in  this  course  of  accepted  nomenclature,  nor  what 
injustice  was  rendered  to  American  geology  by  American  geolo- 
gists, nor  what  were  the  motives  that  apparently  actuated  the 
leaders  of  American  geological  opinion  thirty  or  forty  years  ago. 
It  is  only  necessary  to  say  that  Huronian  was  in  conflict  with  Ta^ 
conic,  and  that  Archean  was  in  conflict  with  Azoic  as  well  as  AU 
lantic,  names  that  had  been  proposed  earlier  by  United  States 
geologists. 

With  the  revival  of  work  on  the  older  rocks  in  the  northwest^ 
about  ten  years  ago,  it  was  found  that  the  original  Huronian  of 
Logan  and  Murray  had  been  amplified,  by  the  reports  of  the  later 
assistants  on  the  Canadian  survey,  by  an  important  extension  of 
the  names  downward,  over  many  varieties  of  rocks  not  mentioned 
in  the  Huronian  region  by  those  who  first  described  the  Huronian 
formation,  and  even  over  all  the  stratified,  or  schistose  forma- 
tions, down  to  the  massive  gneisses  and  syenites  which  are  called 
distinctly  Laure7itian.  This  extension  had  also  been  accepted  by 
many,  if  not  by  all,  geologists  of  the  United  State&  This  was  true 
of  the  late  surveys  of  Michigan  and  Wisconsin,  and  of  the  earlier 
reports  of  the  Minnesota  survey,  and  was  maintained,  but  haltingly 
toward  the  last,  by  Prof.  B.  D.  Irving  up  to  the  time  of  his  death. 

In  order  to  get  a  correct  understanding  of  the  character  of  the 
Huronian  rocks  of  the  otiginal  Huronian  area,  several  recent  re- 
examinations have  been  made  of  the  area  described  and  mapped 

*  (\  H.  Hitchcock  has  called  attention  to  the  fact  that  G.  W.  Featheretonhaugh 
unipoHed  the  term  Atlantie  for  these  rocks  manv  years  before  Prof.  Dana  Introduoed 
the  term  iltr/MOfi,  and  before  Foster  and  Whitney  employed  the  term  Axolc.  See 
A  mntcan  GeologiM,  vol.  V,  p.  199.   Also  compare  Ocokw  of  New  Hampthkt^  vol.  1,  p.  885. 
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by  the  Canadian  geologioal  survey.  The  first  was  that  of  Prof  B. 
D.  Irving,  who  oame  to  the  oonolusion  that  the  so-oalleld  Animike 
formation  of  Minnesota  and  Thunder  bay  (in  Canada)  is  the  equiv- 
alent of  the  original  Huronian.  But,  unfortunately  for  the  cause 
of  oorreot  nomenclature,  Prof.  Irving,  who  had  embraced  the  ex- 
panded Huronian  in  his  Wisconsin  work,  so  continued  his  trip  be- 
yond the  limits  of  the  original  Huronian,  that  he  found,  eastward 
from  Algoma,  a  series  of  rocks  which  he  thought  also  belonged  in 
the  same  series  with  those  at  Thessalon,  and  so  verified  (?)  his 
-classification  published  in  the  Wisconsin  report.  Hence,  while 
<x>rrectly  assigning  the  real  Huronian  to  its  western  equivalent 
(the  Animike  slates  and  quartzytes),  he  failed  to  see  that  outside 
of  the  mapped  Huronian  of  Logan  and  Murray  the  name  had  no 
right  to  be  extended  over  a  different  formation,  for  eastward  from 
the  mapped  area  another  formation  at  once  begins  and  hence, 
also,  he  continued  to  maintain  that  the  Animike  could  be  extended 
downward  so  as  to  cover  all  the  lower  schists  and  graywackes  and 
iron  ores^  of  the  Northwest 

Prior  to  this  an  unconformity  and  a  profound  change  in  lithology 
had  been  discovered  between  the  Animike  formation  and  the 
flchisb)  below  it,  in  the  vicinity  of  Gunflint  lake;  and,  at  a  later 
date,  those  schists  had  been  examined  in  the  region  of  the  Lake 
of  the  Woods,  and  while  placed  doubtingly  in  the  Huronian  by 
G.  M.  Dawson,  and  by  Bell,  had  by  Mr.  A.  C.  Lawson  been  given 
a  new  name,  (Eeewatin)  who  exempted  them,  questioningly,  from 
the  Huronian  system,  showing  that  they  pass  unconformably  below 
the  Animike  which  had  been  said  by  Prof.  Irving  to  be  the  real 
equivalent  of  the  Huronian  on  the  north  side  of  lake  Superior. 

In  the  sixteenth  report  of  the  Minnesota  survey  will  be  found 
two  other  recent  descriptions  of  the  original  Huronian  rocks,  from 
an  examination  made  in  the  summer  of  1887.  Here  the  Huronian 
formation  is  distinctly  limited  to  the  strata  described  at  first  and 
named  Huronian  by  Logan  and  Murray,  and  the  name  given  by 
Dr.  Lawson  for  the  underlying  schists  (Eeewatin)  is  adopted  un- 
qualifiedly, and  extended  over  those  schists  in  Minnesota.  The 
same  classification  had  been  adopted  also  in  the  fifteenth  report  of 
this  survey,  but  without  the  authentication  that  comes  from  a  fresh 
examination  of  the  old  data.^ 

As  the  current  idea  of  the  Huronian,  as  at  length  extended  by 
the  Canadian  geologists,  began  to  be  questioned,  several  re-affirma- 

*The  writer  has  reviewed  the  history  of  the  HuronlHa  system  as  expounded  by  the 
Canadian  geologists,  in  the  Ambkican  Gbolooist.  Methods  of  stratigraphy  in  studying 
the  Buronian.    vol  iv.  p.  M2. 

-4 


50  EIGHTEENTH  ANNUAL  BEPORT 

tions  of  its  oorreotness  have  been  published  by  Drs.  Selwyn  and 
Bell.  It  was  in  the  light  of  these  discordances  that  some  recent 
re-examinations  have  been  made,  and  the  following  notes  were 
recorded  when  on  a  joint  excursion  with  several  geologists  from 
the  Toronto  meetings  of  the  American  Association  for  the  Ad- 
vancement of  Science,  and  of  the  Geological  Society  of  America. 

North  Bay, — The  rocks  about  North  Bay,*  on  the  northeasterly 
shore  of  lake  Nipissing,  placed  in  the  Laurentian  by  the  Canadian 
geologists,  consist  of  dark-colored,  micaceo-homblendic  gneiss,  or 
gneissic  schist.  They  are  distinctly  bedded  by  sedimentation,  the 
characteristic  belts  of  which  run  parallel  for  long  distances.  They 
are  generally  fine-grained  and  often  red-weathering,  recalling  by 
this,  as  well  by  their  structure  and  mineral  composition,  some 
gneisses  seen  and  described  by  the  writer  in  1886,**  on  the 
Kawishiwi  river.  These  are  massive,  fine-grained,  red,  very  silice- 
ous beds,  as  if  from  a  quartzyte,  but  the  most  of  the  rock  is 
closely  laminated  varying  from  very  micaceous  to  very  orthoclas- 
tic.  The  strata  stand  about  vertical,  but  generally  show  some  in- 
clination southward — but  sometimes  northerly.  The  strike  is 
about  NW.  and  SE.  Some  of  the  gray  gneiss  (1573)  which  weathers 
reddish  (1574)  becomes  contorted  in  some  places  and  infolds,  un- 
oonformably,  masses  of  a  dark  rock  very  different  from  the  gneiss 
(1575).  These  masses  are  wrapped  round  continuously  with  un- 
broken, but  curved  laminations  of  gneiss,  the  laminae,  at  some 
distance  from  the  enclosed  masses,  becoming  straight  again,  and 
running  in  their  usual  course.  These  -contrasted  foreign  enclos- 
ures have  a  different  aspect,  and  a  different  composition  from  the 
micaceous  belts  of  the  gneiss.  They  are  both  micaceous  and 
homblendio,  but  mainly  homblendic;  non-laminated  and  generally 
containing  multitudes  of  fine  crystals  of  cinnamon-garnet.  Id 
some  places  these  masses  are  very  large,  and  cannot  be  seen  to  be 
enclosed,  but  cut  off  the  gneiss  and  replace  it  in  lai^  areas.  The 
geology  in  general  here  recalls  that  of  Northeast  cape  in  Bassi- 
menan  lake  (fifteenth  report,  p.  358),  as  well  as  that  mentioned 
on  the  Kawishiwi  river.  The  rock  has  been  plastic  in  situ  and 
molded  about  masses  of  foreign  intruded  rock,  apparently  a  basic 
eruption,  but  has  not  been  molten  and  extruded.  In  general  the 
horizon  to  which  it  would  be  assigned  in  the  Minnesota  scale, 
would  be  near  the  bottom  of  the  crystalline  schists  (the  Yermilion 
series),  or  very  near  the  Laurentian  gneiss.    It  is  very  probable 

•The  rooks  about  lake  Nipissinir  have  been  described  in  the  Canadian  reports  by 
Alexander  Murray,  for  the  year  1n>4,  for  the  year  1855.  and  maps  of  the  atlas  aocom- 
panying  the  volume, 

••See  the  fifteenth  report,  Minnos<)ta  survey,  p.  35S, 
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indeed  that  rocka  like  these  have  been  included  id  the  Laurentias 
in  some  of  the  deBcriptions  and  map-coloriiig  in  our  reports. 
Since  it  gradnates,  in  Minnesota,  cooformably  on  the  one  side  into  ' 
typical  goeise  containing  very  mach  lees  mica,  which  would  be 
placed  onhesitatingly  in  the  Laarentian,  and,  also,  on  the  other 
baud.  Cades  ont  by  the  loea  of  the  black  mica,  and  by  the  acqaire- 
meut  of  a  sub-crystallitie  and  finally  a  fragmental  texture,  into  the 
typical  rook  of  the  Keewatin,  i  t  is  evidently  only  an  arbitrary  line  of 
separation  that  can  be  drawn  distinguishing  it  definitely  from  one 
OT  the  other.  The  principal  difference  between  it  and  the  Keewa- 
tin coneists  in  its  more  nearly  perfect  crystalline  strnotare.  The 
principal  difference  between  it  and  the  greater  portion  of  the 
Lanrentian  gneiss  in  Minnesota  consiste  in  its  greater  percentage 
of  black  mica.    The  prevalence  of  the  black  intrusive  masses  oc- 


PlK.  11 
Included  homblpndlc  niaw<  ul  North  Bay,  causInK  rontortlnns  In  the  gnelsi.  '' 
Bock  Samples  obtained  at  North  Bay  are  nunibcn-d  as  follows:  1573. 
(Jray  gneiss,  the  general  rock  at  North  Bay,  after  the  weathered  surface 
is  removed.  1574,  Reddish  weathered  gneiss,  a  surface  condition.  1575, 
Ilornbtendo-micaceiiiis  and  garnctlferous  dark  rock  embraced  in  the 
Itneiss  (see  flgure  II)  as  foreign  miksses,  and  as  large  areas,  the  [lamina- 
tions of  the  gneiss  being  wrapped  about  them  entirely  and  roughly  con - 
firming  to  their  exteriors. 
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ourring  transverse  to  the  strike  of  the  gneiss,  and  in  a  manner  in- 
Yolved  with  the  gneiss,  showing  a  mutually  plastic  condition  of 
the  two,  is  a  characteristic  of  the  Vermilion  series  about  where 
the  transition  to  the  Laurentian  occurs  with  an  eruptive  uncoft- 
formity^  the  foreign  intrusive  rock  being  the  dark,  homblendic 
masses  and  not  the  gneiss.  The  manner  of  occurrence  of  one  of 
the  smaller  homblendic  and  gametiferous  dark  masses  was 
sketched  on  the  spot  and  the  same  is  represented  on  page  51  (Fig 
11).    This  was  near  the  public  school  house  at  North  Bay. 

WahnapUae.  A  sample  of  that  which  is  here  called  Huronian 
by  Dr.  Selwyn  is  numbered  1576.  At  this  point  the  formation 
changes  from  the  Laurentian  to  the  next  higher,  or  supposed 
younger,  formation.  The  train  stopped  but  for  a  moment,  but  with 
difficulty  a  small  sample  of  the  country  rock  was  procured.  On 
examination  it  was  found  to  be  of  a  hydro-micaceous  schist,  silky- 
sericitic,  evidently  a  part  of  the  Keewatin.  Subsequently  Dr.  A. 
G.  Lawson  re-examined  this  point,  in  order  to  get  a  better  idea  of 
the  relations  of  the  formations,  and  according  to  verbcd  description 
from  him,  there  appears  to  be  an  unconformity  of  stratigraphy  at 
Wahnapitae.  similar  to  that  at  Penokee  gap,  Wisconsin;  at  the  im- 
mediate contact  the  lower  rock  is  the  fine,  micaceous  gneiss,  or 
mica  schist,  probably  belonging  to  the  series  seen  at  North  Bay, 
and  the  upper  rock  is  quartzyte  and  gray  argillyte  interbedded. 

At  the  Stobie  copper  and  nickel  mineSf  about  three  and  a  half 
miles  north  from  Sudbury,  there  is  a  large  exposure  of  greenstone, 
coarsely  fibro-crystalline  with  hornblende  (1579),  seen  south  of 
the  mines  rising  in  high  ridges  and  domes,  resembling  the  ridges 
of  the  Eawishiwin  greenstone  of  Minnesota  (see  the  17th  annual 
report),  though  much  more,  coarsely  crystalline.  This  lies  below 
the  rock  that  contains  the  copper  and  nickel  ores,  and  was  fruit- 
lessly penetrated  by  a  costly  shaft  in  pursuit  of  the  ore*bearing 
rock  several  hundred  feet.  The  present  mining  is  done  in  a  quartz- 
yte (?)  or  at  least  a  quartzose,  apparently  fragmental  rock,  which 
is  superficially  buried  under  a  thick  deposit  of  rusted  debris,  or 
gossan-cap,  the  result  of  its  own  decay.  The  ore  permeates  this 
gray  granular  rock  in  the  form  of  sulphides  which  in  this  super- 
ficial layer  is  converted  to  oxides  and  carbonates.  The  mines  are 
still  not  deep,  although  some  tunneling  has  been  done  in  the  hill- 
side. Outwardly  the  resemblance  of  the  lithology  of  the  lower  rock 
(1579)  to  some  of  those  described  in  northeast  Minnesota  belong- 
ing to  the  eruptive  ix)rtions  of  the  Eeewatin  is  so  great,  that  it  is 
reasonable  to  suggest  that  it  represents  the  lower  formation.  Bat 
the  quarried  rock  cannot  be  assigned  with  any  certainty  to  the 
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same  horizon.  Its  resemblance  to  some  of  the  lower  feldspathic, 
gray  qaartzytes  seen  in  the  Animike  (Huronian),  and  its  manner 
of  occurrence  in  a  low  blaff  apparently  dipping  at  a  low  angle  away 
from  the  lower  greenstone,  as  well  aa  the  similar  occurrence  of 
abundant  sulphides  of  iron  (and  nickel  ?)  in  the  lowest  parts  of 
the  Animike  west  of  Gunflint  lake,  caused  me  to  regard  the  ore- 
bearing  rock,  on  lithological  eyidence,  as  belonging  to  the  true 
Hnronian,  and  hence  as  unconformable  on  the  other.  Samples  of 
the  ore  are  1578,  and  of  the  ore-bearing  rock  1577. 

At  the  Copper  Cliff  mine,  three  and  a  half  miles  s.  sw.  from  Sud- 
bury, according  to  Dr.  Selwyn  a  dioritic  dike  (1581  and  1584)  runs 
through  the  country,  and  the  ore  is  associated  with  that.  The  next 
rock,  on  the  north,  is  a  red  felsyte  (1583),  and  the  relations  between 
it  and  the  mined  rock  were  not  made  out  by  anything  I  saw  in  the 
short  time  we  were  on  the  spot.  The  red  felsyte  becomes  proto- 
genic,  or  granitic,  and  also  has  fine  black  mica-scales  developed  in 
it  in  other  places.  The  ore  of  this  mine  is  represented  by  No.  1582. 
Eastward  from  the  mine  is  a  small  knob  of  red  felsyte,  and  next, 
about  ^  mile  from  the  mine,  is  a  knob  of  coarse  conglomerate  in 
which  there  are  large  boulders  of  red-weathering  felsyte  like  that 
at  the  mine,  also  of  laminated  fragments  of  a  grayish  rock  like  a 
fine-grained  graywacke  or  coarse  argillyte,  and  probably  others. 
The  matrix  is  gray  and  finely  siliceous,  of  which  No.  1585  shows 
an  average. 

At  1^  miles  from  Sudbury,  toward  Onahping,  the  train  stopped 
for  the  examination  of  a  peculiar  rock  (1586),  recalling,  but  not 
identical  with,  the  hornblende-porphyry  of  Eekekabic  lake  (No. 
751),  but  having  much  coarser  crystals,  and  a  more  evidently  con- 
glomeritic  original  structure.  At  ^  mile  further  nw.  this  conglom- 
erate is  more  crystalline,  the  matrix  beiog  reddish-weathering  fel- 
syte (1688),  and  the  included  masses  being  of  a  dark  basic  rock 
probably  originally  eruptive.  In  places  this  felsyte  becomes  gran- 
itic, and  the  large  dark  fragments  appear  as  boulders  and  included 
masses  more  or  less  modified  in  shape,  embraced  as  in  a  once  plastic 
or  molten  rock.  The  aspect  in  such  cases  is  much  like  some  Laur- 
entiab,  and  if  it  were  to  be  found  to  extend  over  a  large  area  with 
these  characters,  it  would  probably  be  assigned  to  the  Laurentian 
by  any  geologist.  This  illustrates  one  of  the  difficult  problems 
involved  in  the  use  of  the  term  Laurentian.  This  rock  is  in  the 
midst  of  what  passes  for  Huronian,  and  is  derived  from  a  frag- 
mental  rock  which  is  like  many  seen  in  the  ''Huronian"  of  the 
region.  It  assumes  first  a  porphyritic  aspect,  then  it  is  felsitic, 
weathering  reddish  with  a  pronounced  orthoclastic  ingredient,  then, 
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with  a  coarser  grain,  it  appears  like  an  eruptive  granite  embracing 
masses  of  foreign  basic  rock.  This  is  similar  to  some  observations 
that  have  been  made  in  Minnesota  in  the  Keewatin,  and  particu- 
larly on  the  upper  waters  of  the  Kawishiwi  river.  Similar  trans- 
itions have  been  observed  in  Michigan.  * 

At  the  Murray  mine  the  ore  (1589)  is  in  a  conglomerate,  disinte- 
gratiDg  and  limonitic. 

At  Vermilion  lake  (i.  e.,  at  the  crossing  of  the  Vermilion  river), 
is  a  repetition  of  the  falls,  ridges  and  rapids  seen  at  Thompson, 
Minnesota,  the  whole  being  manifestly  of  the  same  age,  and  sup- 
posed to  belong  to  the  Animike  or  true  Huronian.  The  dip  of 
these  slates  is  45 "^  towards  the  S.  Dr.  Bell  stated  that  the  train, 
before  arriving  at  Vermilion  river,  had  passed  over  these  slates  for 
about  five  miles,  viz;  through  a  very  flat  and  good  agricultural 
tract,  indicating  a  profound  change  in  the  underlying  rock,  inas- 
much as,  up  to  the  place  of  entering  on  these  slates,  the  country 
had  been  very  rough,  with  frequent  exposures  of  the  rock.  The 
slate  is  black,  (or  purplish  black  when  dry),  generally  fine  grained, 
yet  with  some  evident  grains  of  quartz,  (No.  i590).  In  it  are  some 
curious  calcareous  bunches,  or  "concretions,"  which  recall  the  soft 
masses  in  which  Dr.  T.  Sterry  Hunt  reported  evidences  of  a  '*kera- 
tose  sponge,"  found  near  Thompson,  Minnesota.  Some  of  these 
masses  are  two  feet  in  diameter,  with  rounded  outlines,  presenting 
on  the  weathered  or  glaciated  natural  surface  a  striking  contrast 
with  the  rock  which  encloses  them.  They  are  locally  designated 
'*snow-shoe  tracks."  This  brownish,  calcareous  material  is  repre- 
sented by  No.  1591. 

From  the  Vermilion  river,  traveling  still  northwest,  we  passed 
on  to  a  lower  series  of  strata,  the  dip  being  to  the  south-southeast. 
This  is  a  ''slate  conglomerate,"  (1592),  and  causes  an  immense 
ridge,  150  feet  in  hight,  more  or  less.  Into  this  rock  Dr.  Bell 
states  that  the  slates  at  Vermilion  river  graduate  conformably^  and 
indeed  so  they  seemed  to  do;  and  in  this  respect  the  succession 
seems  to  be  like  that  seen  in  the  region  of  the  original  Huronian 
northward  from  the  Thessalon  valley,  as  described  in  the  sixteenth 
report  of  the  Minnesota  survey.  This  ''black  slate,"  therefore,  and 
the  underlying  "slate  conglomerate"  should  be  considered  as  por- 
tions of  the  Huronian  as  described  by  Murray  and  Logan. 

Immediately  after  passing  this  ridge  of  "slate  conglomerate," 
the  average  surface  level  subsides  again,  and  the  country  is  more 
even.  But  the  rock  that  succeeds  to  the  slate  conglomerate  to- 
ward the  northwest,  is  mainly  a  reddish  felsyte,  similar  to  that  seen 

♦  Compare  the  15th  and  16th  Annual  reports,  Minnesota  survey. 
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in  the  vicinity  of  Sadbary,  and  necessarily  underlying  the  forego- 
ing slate  and  "slate  conglomerate."  It  is  also  broken  up  into 
irregalar  small  knolls,  and  presents  a  conf  asion  of  dip  and  strike 
that  contrasts  strongly  with  the  regularity  of  dip  and  strike  main- 
tained by  the  overlying  formation.  This  formation  seems  to  have 
supplied  many  of  the  f  elsitic  and  granitic  boulders  seen  embraced 
in  the  slate  conglomerate.  There  was  no  opportunity  to  make 
search  for  the  immediate  contact  of  the  "slate  conglomerate"  on 
this  rock,  but  if  the  observations  that  have  been  made  recently  in 
the  area  of  the  original  Huronian,  and  on  the  Animike  in  Min- 
nesota, be  taken  as  guide,  there  would  be  found,  on  making  such  a 
search,  a  distinct  overlap  unconformity  at  such  contact  line. 

From  this  point  (Onahping)  the  excursion  car  turned  back,  and 
although  it  was  planned  to  make  a  stop  at  Wahnepitae  bridge  to 
allow  those  interested  to  inspect  the  contact  there  between  the 
Laurentian  and  the  "overlying"  formation,  a  heavy  and  continu- 
ous rain  interfered,  and  the  oar  returned  directly  from  Sudbury 
the  same  evening  to  Toronto. 

After  this  excursion  I  had  the  pleasure  an4  the  benefit  of  a 
further  examination  of  the  original  Huronian  region  in  company 
with  Dr.  A.  R.  0.  Selwyn  and  Dr.  A.  0.  Lawson.  We  walked  from 
Algoma  to  Serpent  river  along  the  Canadian  Pacific  railway,noting 
the  rock  cuts,  and  the  following  is  the  general  result  of  my  own 
notes. 

Qnartzyte  extends  from  Algoma  to  about  one  mile  east,  when  a 
greenish  slate  (1593)  appears  with  a  dip  s.  10°  w,  45° — 65°.  This 
is  fine  grained  and  sometim()s  cut  by  dioritic  dikes  of  epidotic  rook, 
like  that  at  Bruce.  Next  appears  at  1^  miles  from  Algoma,a  dark- 
gray  roofing-slate  (1594),  the  cleaving  and  bedding  dipping  south- 
erly at  an  angle  of  about  75^.  Below  this  is  an  immense  stratum 
of  "slate  conglomerate" (1595),  (3d  of  Logan's  map  of  1863),  which 
is  charged  with  boulders  of  various  kinds  of  rock,  the  most  con- 
spicuous being  of  red  granite.  We  then  met  with  a  soft  fissile 
argillyte(1596)  which  hardly  has  any  remaiuing  sedimentary  band- 
ing, and  in  it  are  elongated  lenticular  sheets  of  silica,  apparently 
chalcedonic  (1597).  This  resembles  some  seen  in  the  Eeewatin 
but  there  could  be  seen  no  contact,  as  the  exposure  is  in  the  form 
of  an  isolated  ridge  which  passes  below  the  drift  on  all  sides,  so 
far  as  ascertained.  It  seems  to  be  not  a  part  of  the  argillyte  before 
mentioned.  This  stands,  in  some  places,  nearly  vertical.  Then 
comes  on  a  great  qnartzyte  member  (1598),  but  this  is  quite  dif- 
ferent from  that  seen  at  Algoma,  and  in  the  Thessalon  valley.  It 
is  uniformly  very  fine-grained,  and  is  apparently  Logan's  "gray 
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quartzite,"  the  lowest  included  by  him  in  the  Huronian.  It  is  at 
any  rate  the  same  as  the  Missasaugui  quartzyte,  so-called  in  the 
16th  Minnesota  report,  which  was  there  supposed  to  be  Logan's 
lowest  quartzyte.  It  is  gray  within  and  weathers  red.  The  rail- 
road swings  back  and  forth  across  the  ranges  of  this  rock,  follow- 
ing the  easiest  route,  and  affords  some  good  opportunity  to  exam- 
ine it.  It  exhibits  important  differences  from  the  upper  Thessalou 
quartzyte.  It  is  interbedded  with  abrupt  transitions  from  hard^ap- 
parently  chalcedonic  (?)  silica,  or  quartzyte,to  fine  chloritic  schifits, 
the  beds  of  the  quartzyte  being  from  aioot  to  two  feet  in  thickness, 
and  those  of  schist  from  two  to  eight  inches.  This  extends  for  at 
least  four  miles,  with  some  interruptions,  the  road  passing  in  gen- 
eral at  an  oblique  angle  across  the  strike  of  the  formation.  The 
beds  are  for  long  distances  straight  and  parallel.  At  a  distance 
the  face  of  the  rock  recalls  the  regular  and  straight  furrows  of  a 
plowed  field,the  schist  weather'mg  and  washing  out  easier  than  the 
quartzyte.  Such  a  view  is  seen  on  the  south  side  of  the  track 
about  four  miles  from  Algoma. 

At  a  point  still,  further  east  the  conglomerate  recurs  by  the 
track.  Here  it  holds  quartzyte  pieces  like  the  quartzyte  just  men- 
tioned, and  also  others  of  red  granite,  and  numerous  pebbles  of 
bluish  vitreous  quartz.  It  also  embraces  pieces  of  nearly  black 
argillyte  (1599)  which  is  soft  and  has  a  nearly  white  streak 

After  an  interval  of  nearly  a  mile  and  a  half  of  no  rock  exposure, 
we  encountered  a  low  boss  of  fine-grained  black  mica-schist  (1600); 
with  siliceous  veins  running  with  the  strike.  Then  we  found  some 
argillitic  beds  in  which  were  some  crumpled  white  sheets  of  ap- 
parently chalcedonic  silica  (1601). 

After  an  outcrop  of  coarse  quartzyte  (1602)  resembling  some- 
what the  Thessalon  quartzytes,  but  less  granular,  whose  stratigra- 
phic  position  we  could  not  make  out,  on  account  of  the  interrupted 
nature  of  the  exposures  and  the  variation  in  the  direction  of  the 
track,  we  noticed  two  dikes  of  more  recent  diabase  (1603)  cutting 
the  slate  conglomerate  and  running  nearly  coincident  with  the 
strike,  and  having  a  columnar  structure  about  horizontal.  Under 
the  conglomerate  here,  i.  e.  just  before  reaching  Cook's  Mills,  at 
the  mouth  of  Serpent  river,  conspicuous  outcrops  appear  of  a  fine 
mica  schist  (1604),  which  is  probably  the  recurrence  in  force  of  the 
mica-  schist  before  mentioned  ( 1600 ) .  It  is  not  bedded  but  massive, 
and  becomes  homblendic,  recalling  some  parts  of  the  Yermilion 
series  of  Minnesota.  This  continues  to  Ciook's  Mills  and  forms  the 
outcropping  rock  at  the  station  and  about  the  village.  No  positive 
observation  was  made  on  the  stratigraphic  relation  of  this  horn- 
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blendic  mica- schist  to  the  slate  conglomerate,  bat  its  place  is  as- 
sumed to  be  below  the  conglomerate  because  of  the  known  relation 
of  theHtironian  (i.  e.  the  described  Huronian  of  Murray  and  Lo- 
gan) to  such  rocks  in  other  places. 


SUMMARY  OF  THESE  OBSERVATIONS. 

It  appears,  therefore,  that  both  northwest  from  Sudbury  and 
eastward  from  Algoma  there  are  two  formations.  The  slate  and 
the  slate  conglomerate  in  both  sections  constitute  the  upper  forma- 
tion. In  the  region  northwest  from  Sudbury  the  underlying  rocks 
are  largely  f elsitio,  but  are  also  micaceous,  and  at  the  Stobie  mines 
become  hornblendic  These  changes  are  identical  with  changes 
that  are  known  to  occur  in  the  Keewatin  in  Minnesota.  In  the 
section  eastward  from  Algoma  the  underlying  formation  seems  to 
be  the  Missasaugui  quartzyte  with  interbedding  of  green  fissile 
schist,  in  part,  and  a  mica  schist  yar3dng  to  hornblendic  schist,  in 
part,  the  latter  being  further  east. 

There  seems  to  be  some  irregularity  in  the  order  of  succession 
in  the  section  eastward  from  Algoma,  bringing  in  several  outcrops 
of  strata  that  belong  higher  up  in  the  series.  If  this  be  not 
illusory,  and  due  rather  to  the  winding  of  the  railroad  from  north 
to  south  to  avoid  the  hills,  it  may  be  accounted  for  by  such  fault- 
ing and  upheaval  as  have  been  described  in  Minnesota,  such  as 
have  produced  the  sudden,  but  indistinct,  unconformities  and  tran- 
sitions from  the  Huronian  to  the  Keewatin,  that  have  been  des- 
cribed there.  Further,  the  quartzyte  which  has  been  alluded  to 
as  the  Missasaugui  quartzyte,  and  supposed  to  be  Logan's  lowest 
gray  quartzyte,  is  probably  not  his  lowest  gray  quartzyte,  but  it  is 
rather  a  constituent  part  of  the  Eeewatin.  It  is  allied  in  all  its 
lithology  no  less  than  its  persistent  verticality  to  the  Eeewatin  and 
seems  to  have  been  formed  in  the  Eeewatin  ocean  in  the  same 
manner  as  the  jaspilyte  beds  of  that  horizon,  t.  e.,  by  chemical 
precipitation,  the  green  schist  layers  showing  such  advent  of  basic 
eruptions  or  volcanic  ash  as  could  form  chloritic  schists  in  the 
same  way  as  in  northeastern  Minnesota.  The  "lower  gray 
quartzite,'  (No.  5  a),  of  the  original  Huronian,  according  to 
Logan's  map  of  1863,  appears  a  few  miles  east  of  Thessalon  at  the 
lake  shore,  and  there  produces  an  unconformable  contact  on  the 
gneiss  of  the  Laurentian.  This  contact  has  been  examined  by 
Prot  Irving  and  more  lately  by  Dr.  A.  C,  Lawson,  and  they  con- 
cur in  the  statement  that  the  conglomerate  is  a  pudding-stone  of 
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rounded  maBses,  haying  a  quartzyte  matxix.  There  can  be  but 
little  doubt  that  it  is  the  same  as  that  seen  in  the  vicinity  of 
Thessalon,  and  hence  that  it  is  the  Thessalon  quartzyte  and  over- 
lies  the  slates  and  slate  conglomerates,  being  near  the  top  rather 
than  near  the  bottom  of  the  original  Huronian.  This  mistake  is 
apparently  the  same  as  made  in  eastern  New  York  and  in  Ver- 
mont, where  the  granular  quartz  (?)  and  the  Potsdam  (or  red  sand- 
rock)  seems  to  overlap  and  hide  from  sight  the  formation  immedi- 
ately older,  and  lies  in  unconformity  on  a  still  older  terrane — on 
the  east  on  the  gneiss  of  the  Green  mountains,  and  on  the  west 
on  the  gneiss  of  the  Adirondaeks.  It  caused  the  early  geologists 
to  question  the  existence  of  any  such  formation  as  the  Taconic — 
that  great  series  in  which  has  been  brought  to  light  latterly  a 
wonderful  fauna  of  primordial  life,  and  which  extends  from  the 
Atlantic  slopes  to  the  western  basis  of  the  Rocky  mountains. 
This  overlap  unconformity  implies  a  sinking  of  the  pre-existing 
land,  and  of  the  ocean's  bed,  bringing  the  later  formed  strata  over 
the  beach-limit  that  existed  before. 

We  may  conclude  therefore  that  the  observations  that  were  made 
on  the  recent  excursions  confirm,  at  least  do  not  contravene,  the 
views  lately  set  forth  by  Irving,  Bonney  and  Lawson,  and  the  con- 
clusions published  by  the  reports  of  the  Minnesota  survey,  to  the 
effect  that  the  Huronian  system,  as  now  defined  and  understood  by 
the  Canadian  geological  reports,  really  embraces  two  or  three  forma- 
tions; that  one  of  these  is  the  true  Huronian,  as  at  first  described 
and  mapped  by  Murray,  another  is  the  Keewatin  of  Dr.  A.  C.  Law- 
son,  containing  the  iron  ores  at  Tower,  Minnesota,  and  another  is 
the  series  of  crystalline  schists  which  we  have  styled  Yermliion 
series.  In  other  places  these  three  formations  have  been  fully 
treated.*  They  are  distinctly  separated  by  lithology  and  uncon- 
formities that  have  been  noted  from  Vermont  to  Minnesota,  and 

LNoTE.— At  Algoma  are  occasional  very  interesting  boulders  (1605).  They  contain  largo 
(and  small)  nniuded,whltish-green  feldspathic  spots  which  are  distributed  somewhat 
like  porphyrltic  crystals,  but  they  have  not  the  angular  periphery  of  crystals.  They 
are  in  a  matrix  of  ordinary  diabase  of  dark  green  color,  and  the  spots  make  the  rock 
noticeable,  their  largest  sizes  being  somewhat  larger  than  an  inch  In  diameter.  Some 
of  these  boulders  ai'e  put  in  the  foundation  wall  of  the  great  hotel  which  the  Canadian 
Paoitio  railroad  projected  at  Algoma.  and  that  is  where  we  saw  them  first.  Mr.  Sel- 
wyn  recalled  the  dike  cutting  the  Animlke  on  the  hhrh  ridge  back  of  Silver  Islet,as  the 
only  spot  known  where  such  rock  is  in  place.  This  dilce  was  visited  in  18TO  by  the 
writer  and  his  samples  are  numbered  601  (Tenth  annual  report,  p.  56),  but  the  crystals 
in  the  dike  are  distinctly  angular  and  not  noticeably  greenish.  These  boulders  are 
suggestive  of  the  existence  of  such  source  in  the  country  toward  the  north  from 
Algiima. 

Another  common  boulder  at  Algoma  is  constituted  of  quartz-pebble  conglomerate, 
the  pebbles  in  which  are  of  that  ambiguous  character  seen  in  the  Missasaugui  quartz- 
ytc— whether  fragmental  or  of  chemical  precipitation.  Wliile  the  boulders  themselves 
are  referable  to  tue  Thessalon  quartzyte,  high  up  in  the  Uuronlan,  the  pebbles  that 
cinnpose  so  large  a  portion  (1606)  are  referable  to  that  unconformably  underlying  ver- 
t  ical  quartzyte  (the  Missasaugui  quartzyte)  seen,  as  above  described,  a  few  niiles  east 
ot  Algoma.] 

*  See  the  Seventeenth  Annual  Keiwrt,  Minnesota  survey. 
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should  no  longer  be  included  under  a  single  term — at  least  not 
under  the  term  Huronian,  which  at  first  had  a  correct  and  adequate 
definition  embracing  but  one  of  them. 

VI. 
Additional  Bock  Samples  Numbered. 

[(  olleoted  by  N.  H.  Winchell,  Intended  to  Illustrate  his  field  notes  in  1888  and  1880. 

1501.  Vein  rock  and  pyrites,  from  the  quartz  vein  supposed  to 
be  auriferous,  at  Eagle  Nest  lake,  east  of  Vermilion  lake;  accord- 
ing to  Bobert  Angst  this  also  contains  metallic  copper.  [See  de- 
scription of  this  vein  in  the  15th  annual  report,  p.  32.] 

1502.  Chemical  silica,  Tower,  embraced  in  considerable  masses 
in  immediate  proximity  to  the  chalcedonic,  in  the  green  schist 

1503.  Chemical  (granular?)  silica,  in  a  vein  about  half  an  inch 
wide  running  transverse  to  the  green  schist,  Tower. 

1504.  Chalcedonic  silica,  immediately  adjacent  to  1503 ;  reddish, 
in  thin  laminations. 

1505.  Some  of  the  schist  seen  interstratified  in  argillitic  slate 
at  the  low  "slate"  knoll  south  of  the  *'south  ridge"  and  west  of 
Tower. 

1506.  Four  samples  showing  the  relations  of  the  chemical  silica 
to  the  hematite,  at  the  Lee  mine,  near  Tower. 

1507.  Brecciated  jaspilyte,  cemented  by  a  finer  breccia  of  the 
same.    From  a  boulder,  but  fairly  illustrating  the  beds  in  situ. 

1508.  Black  schist  with  pyrite  balls,  at  the  pits  at  the  N.W. 
base  of  Chester  peak. 

1509.  On  the  top  of  Chester  peak  some  small  veins  consist  of 
chalcedonic  silica,  crossing  the  jaspilyte  banding. 

1510.  At  Ely;  a  sample  of  the  green  schist  showing  the  forms 
of  two  boulders,  and  the  darker  green  rock  separating  them. 

1511.  Amygdaloidal  portions  of  some  of  the  boulders,  showing 
the  tabes  perpendicular  to  the  surface;  from  the  green  agglomer- 
ate at  Ely,  at  the  railroad  cut. 

1512.  Chalcedonic  silica  from  veins  and  spots  in  the  rock  1510. 

1513.  Vein  matter  in  1510,  similar  to  1501.  Probably  auri- 
ferous. 

1514.  Sample  of  the  gneiss  at  the  Hinsdale  quarry,  i.  e.,  in  the 
Giant's  range. 

1515.  Frazer's  quarry.  North  Bed  wood  P.  O.,  near  Redwood 
FaUe,  on  the  Minnesota  river.  Massive,  gray,  uniform  gneiss* 
without  bands  of  color. 
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1516.  Same  place.     Gray  gneiss,  with  alternating  and  inter- 
shading  micaceous  and  feldspathic  belts. 

1517.  Same  place;  samples  showing  much  red  orthoclase. 

1518.  Gneiss,  with  much  red  orthoclase.     Morton  quarries,  near 
Bedwood  Falls. 

1519.  Gneiss,  showing  inclusion  of  a  micaceous,  "black  rock.'* 
Morton  quarries. 

1520.  From  a  granite  mound  on  sec  12,  T.  Ill — 38.     Bedwood 
county.    A  bedded  granitic  rock,  showing  no  red  orthoclase. 

1521.  The  gray  quartzyte  at  Pokegama  falls  on  the  Mississippi 
river  near  Grand  Bapids.    Compare  257  (H) — ^259  (H). 

1522.  The  gneiss  at  the  upper  falls  of  Prairie  river. 

1523.  Showing  micaceous  schist  in  alternations  with  the  gneiss 
at  the  upper  falls  of  Prairie  river.  ^ 

1524.  Coarsely  crystalline  orthoclastic  belts,  from  the  gneiss  at 
the  upper  falls  of  Prairie  river. 

1525.  Beddish  and  chloritic  mass  wedged  in  the  gneiss  at  the 
upper  falls  of  Prairie  river. 

1525  (a).    Spottedness  shown  on  the  quartzyte  at  Prairie  river. 

1526.  Shows  another  spottedness.    Here  the  rusty  spots  weather 
out  and  produce  a  pitted  surface  on  the  quartzyte;  same  place. 

1527.  Hematite  and  impure  hematite,  siliceous  and  jaspery. 
Prairie  river  falls. 

1528.  Bock  shown  at  about  the  horizon  of  this  hematite. 

1529.  Somewhat  above  1528.    Finely  laminated  or  "streamed/* 
also  brecciated,  jaspilyte,  with  some  vitreous  silica. 

1530.  Jaspilyte  and  hematite,  closely  intermixed,  but  not  inter- 
laminated.    The  red  jaspilyte  appears  as  a  felsyte. 

1531.  Hematite  at  this  horizon;  about  one-fourth  is  hematite. 

1532.  Some  of  the  quartzite  that  underlies  this  ore  is  conglom- 
eriticin  patches. 

1533.  Bed  shale.    Griffin's  camp,  N.  E.  i  Sec.  22,  56-24. 
1534    Iron-bearing  rock.    The  ore  impure  and  in  broken  and 

irregular  sheets;  hematite. 

1535.  Same  as  1534.    Pit  No.  2,  but  struck  at  15  feet  below  the 
surface. 

1536.  Same  as  1534.    Pit  No.  3.    Struck  at  one  foot  below  the 
surface. 

1537.  Slaty  hematite,  rather  low  grade  (47  p.  c.  iron)  N.  W.  ^ 
N.W.  i  Sec.  21,  56.14. 

1638.    Magnetic  iron  ore,  Sec.  23,  60-23.    Fleck's  location;  from 
John  Beckfelt. 
1539.    Bock  associated  with  1538. 
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1540.  Dolath;  on  the  Weller  road,  about  1^  miles  from  lake 
Superior,  but  about  2  miles  from  the  business  part  of  Duluth. 
Gray,  porphyritio  gabbro»  with  a  fine  magma. 

1541.  Shows  contact  of  the  "red  rock"  on  the  gray  rock  1540. 

1542.  Bed  rock,  crystalline,  with  some  light-green  spots,  from 
the  Weller  road,  same  place  as  1540. 

1543.  Granular  silica,  appearing  somewhat  as  if  originally  chal- 
cedonic  (see  519).    Same  place. 

1544     Vein  matter  in  gabbro,  at  Bice's  point. 

1545.  Serpentinous  vein  matter  in  gabbro  at  Bice's  point. 

1546.  Quartz  crystals  lining  vugs  in  dense  hematite.  Lee  mine, 
near  Tower. 

1547.  Beddisbt  earthy-looking  jaspilyte.    Lee  mine. 

1548.  Breccia  of  fine  pieces  of  hematite,  red  jasper  and  quartz, 
somewhat  stratiform.    Lee  mine. 

1549.  Tarnished  hematite,  appearing  as  if  it  might  be  some 
copper  sulphide;  Lee  mine.    Coatings;  Lee  mine. 

1550.  Finely  banded  (sedimentary?),  wijitisb  jaspilyte;  Lee 
mine. 

1551.  Hard  hematite,  with  included  crystals  of  chalcopyrite. 

1552.  Piece  of  chalcedonic  quartz  mass,  embraced  in  a  boulder 
of  Stuntz  island  conglomerate  (agglomerate),  near  the  Lee  mine. 

1553.  Piece  of  gray  quartzose  pebble  or  gray  "felsyte,"  con- 
tained in  the  same  boulder  as  1552. 

1554.  Pebble  from  the  same  boulder  containing  vitreous  quaitz. 

1555.  Matrix  of  this  boulder  containing  the  above  pebbles. 

1556.  No.  1553  becomes  porphyritic  in  1556. 

1557.  Light  colored  graywacke,  or  novaculyte,  greenish  white, 
with  distinct  grains  of  glassy  quartz:  at  the  railroad  just  south  of 
Tower  pit  (Nos.  8  and  9).    Dips  N.  about  75°— 80°. 

1558.  Green  schist,  south  of  the  Stone  mine,  at  the  railroad  cut. 
1659.    Interbedded  jaspilyte  in  1558. 

1560.  Fine  grains  of  disintegrated  white  jaspilyte;  dump  of  the 
Stone  mine. 

1561.  Breccia  of  jaspilyte  and  of  hematite  cemented  by  chemical 
silica;  dump  of  the  Stone  mine. 

1562.  In  the  dump  of  the  Stone  mine  some  of  the  quartz  crys- 
tals are  superficially  roughened  and  corroded — some  of  the  fine  crys- 
tals.   What  caused  it? 

1563.  Green  shale  breccia;  from  the  dump  at  the  scram  south- 
west of  the  Breitung  mine. 

1564  Botryoidal  limonite  on  quartz  crystals  and  on  hematite; 
same  place. 
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1665.  Flinty,  gray  to  dark  gray  jaspilyte,  from  the  dump  of  the 
hoisting-sliaft  of  the  same  place.    Compare  866  B.  and  127Y. 

1566.  Botted,  angular  masses  of  jaspilyte  as  intersected  by  the 
water-bearing  course  of  a  joint  crossing  a  mass  of  contorted  jas- 
pilyte, at  the  Breitung  mine. 

1567.  Pebbly  conglomerate,  embracing  small  grains  of  vitreous 
quartz;  a  patch  or  belt  in  otherwise  typical  jaspilyte.  In  the  ridge 
that  remains  separating  the  Breitung  from  the  Tower  mine. 

1668.  A  jaspilyte  egg,  somewhat  concretionary,  at  least  indis- 
tinctly concentric  in  some  color  bands.  From  the  cut  made 
for  the  high  tunnel  running  south  from  the  Tower  pit  (No.  9), 
where  it  crosses  the  light  "ore  streak." 

1569.  Ooarse  graywacke,  rather  soft,  taken  from  the  roof  of  the 
same  tunnel,  crossed  by  some  thin  veins  of  chalcedonic  silica,  about 
15  feet  from  the  southern  entrance. 

1570.  From  the  dump,  Breitung  mine.  What  is  the  fine  red 
mineral  in  crystals? 

1571.  Siliceous  *'green  schist"  i  jterbedded  in  jaspilyte  north  of 
the  Tower  mine. 

1672.    From  the  jasper  at  the  east  end  of  the  Stuntz  mine.  What 
is  the  white  cementing  vein-mineral?    It  appears  to  be  granular 
silica,  but  also  shows  apparently  cleavage  surfaces. 
'  1573.    Gray  gneiss,  the  rook  at  North  Bay,  on  lake  Nipissing, 
Ontario,  in  general,  after  the  weathered  surface  is  removed. 

1574  Beddish- weathered  gneiss,  a  surface  condition  of  the 
rock  at  North  Bay,  Canada. 

1575.  Micaceo-hornblendic,  gametiferous  rock  embraced  in 
No.  1573,  as  foreign  masses,  some  of  them  fifteen  feet  across. 

1576.  Hydro-micaceous  schist,  silky-sericitic,  from  the  "Huro- 
nian"  at  Wahnapitae,  Ontario. 

1677.  The  rock  that  contains  the  nickel  ore  at  the  Stobie  mines, 
near  Sudbury,  Ontario,  a  gray  quartzyte  resembling  the  Pewabic 
quartzyte  of  Minnesota.    Compare  1322  and  1340. 

1678.  The  ore  from  the  tftobie  mines,  Ontario. 

1579.    The  "hornblendic  rock"  from  the  dump  of  the  deep  shaft 
which  was  abandoned  at  the  Stobie  mine,  Ontario. 
1680.    Orthoclase  found  in  veins  in  1679. 

1581.  The  dioryte  dike  which  is  supposed  to  cut  the  country 
rock  at  the  Oopper  ClifF  mine,  Ontario.  With  this  the  ore  is  in 
some  way  associated. 

1582.  Ore  of  the  Oopper  CUE  mine. 

1583.  Bed  f elsyte,  adjoining  1581  on  the  north. 
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1584.  The  conditions  of  the  mined  rock  and  the  sulphides  at 
Copper  Cliflf  mine,  Ontario. 

1585.  Matrix  of  a  coarse  conglomerate  with  boulders  of  red- 
weathering  felsyte,  one-quarter  of  a  mile  east  of  the  Copper  ClifE 
mine,  north  of  the  railroad. 

1586.  Porphyritic  rock,  the  disseminated  crystals  being  of 
hornblende  and  coarse.  At  the  railroad  cut,  a  mile  and  a  half 
from  Sudbury,  toward  Ohnaping. 

1587.  Dike-rock,  cut  by  the  grade,  near  the  same  place. 

1588.  Somewhat  granitic  felsyte,  enclosing  masses  of  dark  basic 
rock  in  a  manner  like  those  at  North  Bay;  reddish  weathering;  a 
quarter  of  a  mile  further  toward  Ohnaping. 

1589.  Ore  of  the  Murray  mine,  Ontario. 

1590.  Black  slate,  Vermilion  river,  at  the  railroad  crossing. 

1591.  Calcareous  "  concretions  "  in  the  black  slate  at  Vermilion 
river.    Same  place. 

1592.  Slate  conglomerate,  N.W.  from  Vermilion  river ;  from  a 
ridge  that  rises  perhaps  150  feet  above  the  railroad. 

1593.  A  mile  and  a  quarter  east  of  Algoma,  on  the  north  shore 
of  lake  Huron.    Green  slate,  dipping  S.  10°.  W.  45°-65°. 

1594  A  mile  and  a  half  east  of  Algoma.  Boofing  slate,  ^ray 
to  black. 

1595.    Slate  conglomerate,  3d  of  Logan's  map.    Underlying  1594. 

1596. .  Soft  argillyte,  with  lenticular  ^pots  and  laminations  of 
chaloedonio  silica,  next  east  of  the  slate  conglomerate  of  1595. 

1597.  Supposed  chalcedonic  silica,  from  1596. 

1598.  Fine  grained  quartzyte,  about  4  miles  east  of  Algoma. 

1599.  From  the  great  ''slate  conglomerate"  east  of  Algoma,  at  a 
point  east  of  the  last 

1600.  Fine-grained,  nearly  black,  mica  schist;  at  a  mile  and  a 
half  east  of  the  last. 

1601.  Crumpled,  white,  apparently  chalcedonic  silica,  from  some 
argillitic  beds  east  of  1600. 

1602.  Coarser  quartzyte,  still  farther  east. 

1603.  Dike-rock,  cutting  conglomerate. 

1604.  Hornblendic  schist,  Cooks  Mill,  at  mouth  of  Serpent 
river. 

1605.  Diabasic  boulders,  with  coarse  feldspar  crystals.  Found 
at  Algoma  (compare  601). 

1606.  Quartz-pebble  conglomerate  boulders.     Algoma  Mills. 
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INTRODUCTION. 


As  preliminary  to  a  careful  inquiry  into  the  nature,  arrangement 
and  geological  history  of  the  older  rocks  of  North  America,  I  de- 
sire to  collate  the  views  which  have  been  recorded  by  competent 
geologists  during  the  last  half  century.  Such  a  synopsis  of  opin- 
ions which  have  marked  the  progress  of  our  science  and  have 
brought  it  through  many  labors,  conjectures,  errors  and  successeB, 
to  the  very  creditable  position  which  American  geological  science 
holds  at  the  present  day,  will  greatly  facilitate  the  work  which  re- 
mains to  be  done,  by  placing  within  convenient  reach,  the  chief 
data  of  such  progress,  with  copious  references  to  the  documents 
from  which  the  information  is  drawn.  Such  a  compendium  of  his- 
toric data  will  prove  especially  useful  to  gecjogists  who  have  not 
the  leisure  to  look  up  and  digest  the  original  document&  Since 
however,  compilations  of  opinion,  though  offering  opportunities 
for  condensation,  and  even  improved  lucidity  of  statement,  must 
necessarily  lie  under  the  suspicion  that  the  author's  view  has  been 
presented  with  incompleteness  or  with  uniiltended  coloring,  the 
writer  has  deemed  it  best  to  present  opinions  generally  in  the  ex- 
act language  of  their  authors. 

The  present  attempt  bears  some  resemblance  to  that  of  Messrs. 
Whitney  and  Wadsworth  in  ** Azoic  system"*;  but  it  will  readily 
be  seen  to  have  a  different  aim,  and  to  produce  results  far  from 
identical.  Their  controlling  purpose  was,  to  prove,  from  citations, 
that  during  the  time  which  has  elapsed  since  the  ''Azoic  System" 
was  proposed  by  Foster  and  Whitney,  no  facts  have  been  reported 
rendering  it  necessary  to  conclude  that  the  "Azoic  System"  as  con- 
ceived by  them,  is  not  both  azoic  and  indivisible.  My  purpose 
involves  an  examination  of  such  a  position,  but  it  involves  much 
more.  I  propose  to  adduce  the  facts  without  the  iofluence  of  an 
unalterable  predetermination.  I' propose  to  select  them  impartial- 
ly— rather  in  the  interest  of  the  writers  than  in  the  interest  of  any 
theory.  I  propose  to  give  thom  an  unbiased  interpretation  or  to  leave 
them  without  comment,  to  be  interpreted  by  the  reader.  Beyond 
all  this,  it  is  proposed  to  cite  many  opinions  not  bearing  on  ques- 
tions of  taxonomy  and  nomenclature-— opinions  on  all  subjects 
whose  agitation  has  taken  part  in  the  progress  whose  fruits  we  en- 


*J.  D.  Whitney  and  M.  E.  Wadsworth,  The  Azoic  System  and  iU  propoted  nibdiviiUnu, 
Bulletin  of  the  Museum  of  Comparative  Zoology.  Geological  Series,  Vol.  I,  pi>.  xtI  and 
331-^65 
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joy — ^problems  of    Btmctare,   superposition,  metamorphism  and 
geognofitio  evolution  in  general. 

The  method  of  Whitney  and  Wads  worth  is  geographical;  mine 
may  be  denominated  personal;  neither  traces  consecutively  the 
evolution  of  an  idea  or  concept  Concrete  methods  have  peculiar 
uses;  and  it  is  hoped  the  method  here  pursued  may  be  useful  as 
complementary  to  theirs,  even  if  its  subject  matter  possesses  fewer 
advantages  than  I  anticipate. 

tn  some  of  these  respects  the  method  of  the  following  sketch  re- 
sembles that  of  Dr.  Hunt  in  his  Historical  Introduction  to  the 
Azoic  Books*.  It  differs,  however,  in  the  important  feature  of 
giving  the  views  of  investigators  in  their  own  language.  One 
does  not  feel  certain,  in  reading  the  memoir  of  Dr.  Hunt,  that  he 
gets  exactly  the  meaning  of  the  original  statement.  In  some  cases, 
it  is  certain,  the  meaning  is  inadvertently  colored,  or  even  revers- 
ed. Dr.  Hunt's  treatment  also,  seems  to  the  writer,  deficient  in 
method.  It  lacks  consecutiveness;  it  abounds  in  repetitions;  the 
connection  of  parts  is  more  verbal  than  logical.  The  order  would 
seem  rather  to  be  that  of  association  of  ideas  in  th^  author's  mind 
than  one  determined  by  the  logical  or  historical  relation  of  topics. 
For  such  reasons,  it  is  difficult  to  follow  and  comprehend.  How- 
ever this  may  appear  to  others,  it  seems  certain  that  comprehen- 
aion  and  clearness  of  conception  must  be  facilitated  by  following 
the  growth  of  conviction  in  each  investigator's  mind  separately — 
introducing  the  biographical  element  into  the  history  of  geological 
ideas. 

In  the  history  of  this  advance,  it  has  been  the  fortune  of  some  to 
observe  nature  in  the  field,  of  others,  in  the  laboratory,  of  still 
others,  to  collate  records  in  the  library — and  I  need  hardly  remind 
the  reader  that  the  efforts  of  many  others  have  been  expended  in 
provinces  not  entered  in  the  present  discussion.  Those  who  have 
worked  in  the  field  have  supplied  the  greatest  volume  of  records 
suitable  for  use  in  the  compilation  which  follows. 

In  attaining  the  status  which  has  been  achieved,  there  must  have 
been  many  false  steps  taken — erroneous  observations,  false  inter- 
pretations, hasty  generalizations,  untenable  suggestions,  ill  ground- 
ed theories,  all  mingled  from  time  to  time,  with  the  influence  of 
the  "personal  equation."  Still,  it  is  safe  to  assume  that  every  in- 
vestigator has  been  actuated  by  a  controlling  love  of  truth,  and  has 
done  perhaps,  as  well  as  any  other  investigator  would  have  done  in 
precisely  the  same  circumstances.    If  any  have  lost  patience  with 

•Report  E,  Second  Geological  of  Survey  Pennsylvania. 
-6 
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a  fellow- worker,  it  is  profitless  to  reprodace  the  sarcasm  in  which 
impatience  has  found  relief.  The  language  of  scorn  or  contempt 
has  contributed  nothing  to  the  noble  progress  which  we  cxin- 
template. 

As  intimated,  the  present  summary  of  opinion  sustains  a  special 
relation  to  the  contemplated  sequel  of  the  present  memoir.  What- 
ever its  separate  value  may  be,  its  use  to  the  writer  consists  in  the 
light  which  it  sheds  on  an  investigation  to  a  large  extent  original. 
Circumstances  have  turned  the  writer's  attention,  during  a  few  years 
pastftoward  the  study  of  the  older  rocks.  Though  from  boyhood  fami- 
liar with  the  forms  and  aspects  of  the  crystalline  and  sub-crystalline 
masses  of  Dutchess,  Litchfield  and  Berkshire  counties;  though  of- 
ficially connected  with  public  surveys  over  the  crystalline  expanses 
of  Michigan;  though  long  since  a  student  of  similar  rooks  in  Mis- 
souri, Massachusetts  and  Maryland,  it  is  true  that  the  present  re- 
search has  been  in  a  field  comparatively  new,  and  conducted  by 
methods  in  part  unknown  to  the  older  investigators,  and  bat  im- 
perfectly mtustered  by  most  of  us.  It  has  seemed  to  the  writer  that 
one  of  the  fiel(]8  in  which  he  has  studied  presents  the  problem  of 
the  older  rocks  under  simplifications  which  promise  advantages 
not  enjoyed  by  the  older  students  of  terranes  of  high  relative  an- 
tiquity. Perhaps  he  deceives  himself  in  thinking  these  advant- 
ages have  brought  him — a  comparative  novice — ^into  possession  of 
glimpses  of  truth  which  have  been  hidden  from  abler,  but  less 
fortunate  students.  He  hopes  however,  the  result  will  justify  his 
confidence. 

EBENEZEB  EMMONS. 

1824.  Ebenezer  Emmons,  in  1824  a  pupil  of  Dr.  C.  Dewey,  was 
associated  with  the  latter  in  the  preparation  of  a  geological  de- 
scription and  map  of  Berkshire  county,  Massachusetts,  and  of  a 
small  part  of  the  adjoining  states.*  In  this  description  the  rooks 
are  arranged  in  the  following  order  (the  whole  being  here  inverted): 

3.    Transition  limestone,  &6. 

2.  Quartz,  Primitive  limestone,  Primitive  argillite  (Upper  Pri- 
mary). 

1.    Granite,  Gneiss,  Talcose  slate.  Mica  slate  (Primary). 

The  second  division  iadicates  the  elimination  of  the  ''Taoonic 
idea"  eighteen  years  before  it  received  a  formal  designation.** 

*  American  Journal  of  Science  and  Arts^  Vol.  8,  1824«  pp.  1, 240.  An  abridgement  of  thU 
was  included  in  "A  History  of  Berkshire  County,"  in  1820. 

^1819.  In  a  '*  Sketch  'of  the  Mineraloay  and  Qeotogy  of  the  xAcinitu  of  TfWIam*  CbUaoe" 
{Amer.Joar.  Sci,,  Vol.  i,  p.  327,  ii,  246, 1820.)  Dr.  Dewey  had  already  published  the  gemi- 
inal  conception  of  the  above  arrangement,  and  of  the  Taoonio  system.  The  rocks  and 
minerals  were  arranged  In  the  following  order:    1.    Granite.    2.    Onetss  and  Mica 
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1837.  At  the  end  of  the  first  season's  observations  within  the 
Second  Geological  District  of  New  York,  professor  Emmons  de- 
scribed the  rocks,  in  the  nomenclature  of  the  day»  as  Primitive, 
Transition  and  Tertiary.*  Uoder  the  first,  he  describes  first, 
Oranite,  which  is  "not  strictly  speaking,  granite;  that  is,  it  is  not 
oomx)osed  of  quartz,  feldspar  and  mica;  neither  is  it  a  true  sienite, 
for  even  the  hornblende  disappears  almost  entirely  for  miles.  It 
is  mostly  feldspar.  ...  It  contains  the  beautiful  Labrador 
feldspar  .  .  .  often  in  large  masses.  .  .  .  The  color  of 
the  rock  is  usually  grey,  greenish  or  bluish.  ...  It  rarely 
contains  quartz.  ...  In  Essex  county  it  forms  mountain 
masses.  .  .  .  The  other  primitive  rocks  of  the  northern  coun- 
ties are  gneiss,  hornblende  and  granular  limestone.  The  talcose 
and  mica  slates  rarely  occur."  The  following  is  the  succession 
reported,  arranged  here  in  descending  order: 

Tertiarv,  consisting  of  grey  sand  and  marly  clay,  with  shells 
of  recent  aspect 

Transition  books.  1.  Calciferous  sandrock,  including  Pots- 
dam sandstone.    2.    Transition  or  blue  limestone. 

Pbimitive.    Granite,  Gneiss,  &c. 

1838.  Professor  Emmons  again  ranges  the  rocks  of  St.  Law- 
rence county  as  Primitive,  Transition  and  Tertiaryf.  The  Primi- 
tive region  he  also  designates  ''the  gneiss  district,"  but  he  states 
that  "the  rock  is  not  purely  gneiss,"  but  only  "the  predominant 
rock,"  the  region  embracing  also  "granite,  limestone,  sienite,  horn- 
blende, steatite,  serpentine,  &c."  The  granite,  he  says,  "occurs  in 
beds  and  veins  subordinate  to  the  gneiss;  ...  in  huge  angu- 
lar beds  or  protruded  masses;  in  the  form  of  veins  branching 
irregularly  into  the  adjacent  rock,  and  in  overlying  masses  analo- 
gous to  overflowing  lava  currents  or  greenstone."  He  speaks  of 
it  as  sometimes  "interlaminated  with  gneiss  or  other  rock,"  but 
considers  ouch  position  "accidental"  (p.  196).  The  granite  and 
gneiss  contain  in  places,  more  or  less  carbonate  of  lime,  or  of  lime 
and  magnesia.  The  "primitive  limestones"  he  speaks  of  as  inter- 
etratified,  but  is  particular  to  discriminate- them  from  the  marbles 
of  Vermont  and  Massachusetts,  "especially  those  of  Berkshire 
county."^    He  gives  eleven  diagrams  to  illustrate  the  position  that 

slate.  3.  Quartz.  4.  Granular  limestone.  5.  Argillaceous  slate.  It  will  be  noted 
that  there  Is  one  limestone  formation.  These  views  were  adopted  by  Prof.  Amos 
Eaton  in  his  "Index  to  the  Geology  of  the  United  States,'*  1830,  though  later,  he  became 
an  indefatigable  original  observer.    {Anur,  Jour.  Set.,  xlv,  147, 1828.) 

•Firtt  Annual  Report,  New  York*  1837,  Assembly,  No.  16,  pp.  10(^117. 

^Second  Annual  Report,  New  York,  1839,  Assembly  No.  200,  pp.  lM-217. 

tThls  is  further  insisted  on,  p.  232. 
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we  haye  the  same  evidence  of  the  igneonB  origin  of  the  primitiye 
limestone  as  of  the  igneous  origin  of  granite — ^that  is,  it  occurs  in- 
terbedded,  penetrating  and  ramifying  in  relation  to  the  granite.^ 

The  sandstone  at  Potsdam  is  said  to  rest  directly  on  the  primi- 
tive  rock,  but  it  is  no  longer  identified  with  the  ''Galciferons  sand 
rock"  of  Eaton,  (p.  214).  On  page  217,  it  is  called  for  the  first 
time,  "the  Potsdam  sandstone"  (pp.  217,  230.) 

Treating  of  Essex  county  he  speaks  of  the  granite  as  ''composed 
essentially  of  Labrador  feldspar  and  hypersthene,"  and  decides 
to  style  it  "Hypersthene  rock"  (p.  220).  It  contains  extensive 
beds  of  iron  ore,  sometimes  branching  and  vein-like.  The  pri- 
mary limestone  "  uniformly  occurs  in  veins "  in  the  hypersihene 
rock.  The  gneiss  of  the  country  is  limited  in  extent,  is  interlami* 
nated  with  saccharoidal  limestone,  and  contains  beds  of  magnetite 
and  haematite  ( p.  221  ).t 

We  have  no  documentary  evidence  of  the  progress  of  the  evolu- 
tion in  Dr.  Emmons'  mind  previously  to  the  publication  of  the 
Gazetteer  next  to  be  mentioned.  But  professor  Dana  has  recorded 
the  fact  X  that,  according  to  information  from  professor  James 
Hall,  a  discussion  of  "  Taconic  ideas  "  took  place  at  the  meeting  of 
the  "Association  of  American  Qeologists  and  Naturalists"  at 
Philadelphia,  in  April,  1841.  la  this,  Dr.  Emmons  was  opposed 
by  H.  D.  Sogers,  E.  Hitchcock,  W.  W.  Mather  and  James  Hall^ 
while  Lardner  Yanuxem  favored  his  views.! 


^Numerous  other  reputable  geologists  have  entertained  the  same  rather  remarkable 
opinion— von  Leonhard,  Gludinl  and  Bozet. 

tThe  Tertiary  beds  are  of  some  considerable  extent,  occupying  **not  only  the  Cham- 
plain  valley  but  that  of  the  8t.  Lawrence  and  Hudson  also.**  He  notes  it  as  a  *'mm- 
rine  formation,**  and  states  that  *'  above  these  clays,  Ac,  we  have  the  modem  group 
composed  of  boulders,  pebbles  and  sands  *'  (238).  Emmons  here  bestows  the  names  **Mt. 
Marey  '*  and  **  Adirondack  group  **  or  *'  Adirondacks  **— the  latter  to  embrace  the  his^h 
summits  of  northern  New  York.    (pp.  S42, 243). 

tAmer,  J<mr»  ScU  III.,  xxxvl,  412. 

I  The  Proceedings  of  this  Meeting  are  found  in  the  "  Tran»,  Amat.  Amer.  OeotogigU  amd 
NaturaUgU,  1840-42.  but  this  discussion  not  having  been  reported,  no  mention  of  it  ap> 
pears,  under  a  rule  of  tlie  Association.  The  proceedings  are  reported  also,  in  Amer. 
JoMT.  ScC,  xli,  l.*i8, 1841.  The  grounds  of  Vanuxem's  defence  are  stated  in  Report  onthe 
Third  DMrir/.  1842.  pp.  22-23.  He  styles  it  **  The  Taconic  or  Intermediate  System,**  and 
says.  '*the  Cambrian  System  holds  the  same  position."  Mather*s  reasons  for  regarding 
the  Taconic  rocks  as  a  met  amorphic  condition  of  the  Champlain  rocks  are  given  (p.43H) 
at  theclosi'of  a  chapter  on  the  Taconic  system:  also  p.  464  {lUporl  Third  DitMtt  of 
yew  Forir,  1843.  pp.  422-43S).  Professor  Hall  in  his  report  on  the  Fourth  District,  em- 
braces the  Taconic  system  in  his  enunieratlou,  and  nowhere  expresses  any  dissent. 

**The  comparison  of  views  at  the  meeting",  says  professor  J.  D.  Dana,  (Amer.  Jomr 
Scf.,  111.,  XXXVl.  413.  Deo..  li<88)  "resulted  iu  Inducing  Prof.  Sogers  and  Prof.  Hall  to 
take  the  field  for  the  study  of  s<H?tions  over  tiie  Tai^nic  region.    The  season  had  just 
passed  when  Pn>f.  Rogers  made  a  repi»rt  on  his  results  to  the  American  PhlUisophlcal 

SxMety  at  Philadelphia  I P»Tif.  Amrr,  PM}.  Sfic.,  Jan..  ]M2>  sustaining  the  vlvw»  which 

Hitchcock.  Hall,  Mather  and  himself  had  bt^fore  favored*'. 
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1841,  A  oommunioation  appeared  from  Dr.  Emmons  on  "The 
Geology  of  Montmorenoi,"*  whioh,  according  to  Dr.  Selwyn, 
"seems  to  be  of  considerable  interest  and  importance,  in  view  of 
reoent  discussions."  It  supplies  some  of  the  evidence  on  which 
Dr.  Emmons  determined  the  existence  of  a  great  fault,  reaching 
from  the  St.  Lawrence  into  Vermont  and  New  York.  On  the 
highway  from  Quebec  to  the  falls,  at  the  Beauport  river,  a  regu- 
larly bedded,  horizontal,  nearly  black  limestone  outcrops,  "present- 
ing a  remarkable  contrast  with  the  highly  inclined  rocks  of  Que- 
bec." A  "black  slate,"  also,  "apparently  rests  against"  the  lime- 
stone. A  fault  or  uplift  is  thought  indicated  by  the  facts  here 
observed,"  along  the  line  which  the  road  passes."  The  first  out- 
crop is"  very  clearly  Trenton  limestone,"  and  "the  slate  is  the 
Hudson  Biver  slate." 

At  the  fall,  the  bed  of  the  river  above,  is  gneiss.  Beposing 
horizontally  on  its  edges,  is,  first,  the  Potsdam  sandstone,  stained 
with  copper,  and  not  over  ten  feet  thick;  second,  coarse  bowlders, 
as  at  Chazy,  N.  Y.,  considered  the  upper  portion  of  the  Potsdam ; 
third,  "a  compact  limestone"  conformably  overlying,  containing 
enorinites.  This  "graduates  into  a  gray,  crystalline  limestone,'' 
with  broken  encrinites.  Succeeding  this  is  the  Trenton,  60  or  70 
feet  thick  The  absence  of  the  Galciferous  and  Ohazy  is  noted; 
though  this  is  not  considered  remarkable. 

Below  the  &11,  the  rock  forming  the  fall  is  seen  to  be  fine- 
grained gneis&  Against  this,  the  Black  slate  of  the  Hudson  river 
reposes,  but  with  an  unconformable  inclination.  Dr.  Emmons  re- 
cognizes here  a  fault,  with  an  uplift  on  one  side  "and  a  down  heave 
on  the  other,  by  which  the  slate  has  been  thrown  into  an  inclined 
position." 

This  fault  is  regarded  as  extending  south  along  the  Beauport 
road,  and  even  into  the  state  of  Vermont;  and  "may  be  particularly 
traced  on  a  line  connecting  Johnson's  mountain  in  I^wer  Canada, 
several  points  on  the  Missisque  bay  adjacent  to  the  Provincial 
line,  and  also,  at  the  remarkable  uplift  at  Snake  mduntain,  in 
Addison,  Y t,  A  line  uniting  those  points  and  several  others  in  the 
same  direction,  marks  the  line  of  a  great  disturbance  which  has 
deranged  the  lower  Transition  rocks  for  at  least  four  hundred 
miles." 

In  view  of  these  facts.  Dr.  Emmons  asks;  "May  not  the  great 
fault  have  caused  the  confusion  in  the  writers  on  geology,  in  re- 

*The  American  Miioazine,  November,  1841.  See  this  reproduced  In  American  Otologist, 
II,  pp.  M-lOO,  August,  1688.  The  date  of  this  paper  was  wrongly  printed  In  the  American 
Oeoioffittt  at  first,  but  was  corrected  afterward  (vol.  Iv,  p.  387). 
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gard  to  the  lower  Transition  rook,  partionlarly  the  Hudson  Biver 
slates  and  shales?  May  not  the  same  derangement  exist  in  Eng- 
land and  Wales,  and  have  been  the  oanse,  at  least  in  part,  of  their 
separation  from  the  Silurian  system,  and  of  their  being  consid- 
ered as  one  distinct  therefrom,  and  which  has  been  called  the 
Cambrian  System?" 

He  speaks  of  the  horizontal  position  of  the  Hudson  Biyer  rocks 
at  Pulaski,  Lorraine,  Bodman  and  Pinckney,  in  New  York,  con- 
formable with  the  Silurian  system;  and  of  tiieir  inclined  position 
in  Bensselser  and  Washington  counties,  in  Vermont,  ajjd  the  en- 
tire length  of  Lower  Canada.  In  the  latter  region,  tihey  agree 
with  the  Cambrian  (omitting  the  lower  portion.)  He  speaks  of 
this  as  a  conviction  of  long  standing. 

He  continues:  "It  is  proper  to  notice  here  one  source  of  diffi- 
culty in  regard  to  the  rocks  of  the  Hudson  river,  especially  on 
their  eastern  border.  It  is  the  fact  of  their  overlapping  in  this 
direction,  the  Trenton  limestone  and  the  other  Transition  rocks 
beneath.  The  consequence  has  been  that,  in  traveling  from  east 
to  west,  or  from  Massachusetts  and  Vermont  to  New  York,  we 
pass  directly  from  the  Primary  mass  to  the  higher  members  of  the 
Transition  system;  consequentiy  they  [geologists]  have  placed 
them  upon  the  Primary,  and  considered  them  as  the  lowest  of  the 
Transition;  whereas  there  intervenes  between  the  Hudson  river 
slates  and  the  Primary,  the  Trenton  limestone,  the  Birdseye. 
Calciferous,  and  Potsdam  sandstone,  the  aggregate  thickness  of 
which  exceeds  a  thousand  feet.  Not  one  of  the  lowest  members  of 
the  Transition  system  appears  in  the  eastern  prolongation,  between 
the  Highlands  of  the  Hudson  and  the  Highlands  north  of  Quebec, 
adjacent  to  the  Primary,  in  consequence,  as  has  already  been  said, 
of  the  overlapping  of  those  rocks  formerly  termed  Greywacke, 
or  now  known  as  the  Hudson  river  series,  to  the  talcose  slates  of 
the  Primary,,  and  also,  the  great  correspondence  in  kind  and 
amount  of  their  dip." 

Speaking  of  the  tenuity  of  the  Hudson  Biver  rocks  where  found 
horizontal,  and  their  great  thickness  where  inclined — amounting  to 
20  or  25  miles— he  says: — ''There  can  be  no  doubt  that  east  of  the 
Hudson,  there  are  numerous  repetitions  of  the  same  layers;  for  it 
cannot  be  supposed  for  one  moment,  that  any  of  the  formations 
above  the  Primary^  can  be  of  this  enormous  thickness  which  ob- 
servation seems  to  indicate." 

1842,  While  occupied  in  the  preparation  of  his  final  report  on 
the  Second  District  of  New  York,  Dr.  Emmons  drew  up  an  article 
on  the  "Topography,  Geology  and  Mineral  Besources  of  the  State 
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of  New  York",  which  was  published  in  Maroh,  1812.*  In  this  arti- 
cle he  says:    *'The  rooks  (apon  the  eastern  border  of  New  York, 
adjacent  to  Yermont^Massachasetts  and  Gonnectiout  )are  situated  be* 
tween  the  gneiss  of  Hoosick  mountain  on  the  east  and  the  slates  of  the 
Transition  on  the  west    They  oooupy,  therefore,  geographically, 
as  well  as  geologically,  an  intermediate  position-the  rocks  on  the  one 
hand  bearing  a  very  close  resemblance  to  the  Primary  on  the  east,  and 
on  the  other,  a  great  similarity  to  the  Transition  slates  on  the  west. 
Still,  as  a  whole,  the  rocks  of  the  Taghkanic  range  may  generally  be 
distinguished  from  those  on  either  side,  their  general  character  be- 
ing derived  from  the  presence  of  a  large  proportion  of  magnesia, 
which  imparts  to  the  rocks  a  softer  feel  and  a  peculiar  greenish 
color.    It  is  not  proposed  in  this  plan,  to  separate  these  rocks  from 
the  Primary,  but  to  consider  them  as  belonging  to  the  upper  por- 
tion, and  to  speak  of  them  as  the  Taghkanic  rocks,  or  perhaps  as 
the  Taghkanic  System.    .    .    Considering  them  for  the  present,  as 
belonging  to  the  upper  portion  of  the  Primary,  the  Taghkanic 
rooks  will  be  composed  first  of  a  peculiar  talcise  slate,  or  a  mag- 
nesian  slate  in  part;  in  other  parts,  it  is  plumbaginous,  which 
strongly  soils  the  fingers.     .    .    Second,  of  white,  gray  and  cloud- 
ed limestone,  varying  in  texture  from  fine  to  coarse -granular,  often 
interlaminated  with  slate,  the  latter  often  merely  coloring  the  lime- 
atone,  so  as  to  impart  that  clouded  appearance    .    .    .    Third,  of 
granular  quartz,  or  a  sandstone  generally  silicious  and  of  a  brown 
color    .    .    .    The  whole  Taghkanic  System  is  clearly  stratified, 
and  is  wholly  unconnected  with  gaeiss,  serpentine,  granite,  sienite, 
steatite  or  hornblende    ..." 

This  distinct  announcement  of  the  Taconic  System,  it  will  be 
observed,  appears  in  a  volume  printed  in  March,  1842.  It  must 
have  been  drawn  up,  probably,  some  months  previously.  Professor 
J.  D.  Dana,  by  a  slip  extraordinary  for  him,  has  quoted  a  passage 
from  Mather's  Fifth  Annual  Beportfi  the  meaning  of  which  is  that 
the  writer,  on  January  20, 1841,  (Dana  says  Febuary  1, 1841),  re- 
garded the  ''granular  quartz"  (embraced  in  the  Taconic)  as  simply 
"the  Potsdam  sandstone  in  a  metamorphio  state",  and  the  associ- 
ated ''granular  limestones"  as  belonging  to  the  same  geological 
epoch",  and  that  ''the  rocks  generally  along  the  eastern  border  of 
New  York,  and  probably  all  the  rocks  from  the  New  York  State 
line  east  to  the  Connecticut  valley  are  similar".  But  these,  it  ap- 
pears, were  not  Emmons'  views  on  the  first  of  February,  1841.    The 

M  GaUtUer  of  the  State  of  New  York,  oICm  Albany,  1842.    J.  Dlstarnell,  Maroh,  1842,  p. 
Attention  has  been  called  to  this  and  other  early  literature  bearing  on  the  Tacon- 
c  HyHtcnn,  by  Lieut.  A.  W.  VoKdes,  In  the  American  QtolngiaU  vol.  II.  1888,  pp.  352-55. 
iAmer.Jour.  Sci..,  lII,XXXVI,411,beglnning,**The  granular  quartz  of  Bennlngton**.&o. 
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conception  of  the  Taconio  system  was  not  originated  in  the  brief 
period  between  this  date  and  January  1, 1842 — ^the  date  of  Emmons* 
final  report  The  citations  already  made  from  the  geology  and 
map  of  Berkshire  county  show  that  the  body  of  rooks  between  the 
Primary  granites,  gneisses  and  schists,  and  the  Transition  rooks 
above,  had  been  isolated  eighteen  years  before,  though  at  that  time 
designated  "Upper  Primary".  If  Emmons  made  no  mention  of 
them  in  his  annual  reports,  it  was  because  they  were  not  embraoed 
in  his  district  In  a  final  report,  however,  he  tells  us  he  felt 
constrained  to  carry  into  effect  a  plan  formed  in  the  beginning  of 
the  survey,  ''to  furnish  the  materials  necessary  tor  a  complete 
work  on  the  New  York  rocks"  and  to  make  "this  volume  distinct 
from,  and  independent  of,  the  reports  of  the  other  districis"*  In 
another  connection  he  informs  us  that  the  conception  of  the  Tacon- 
ic  dates  from  1838.^  « 

In  his  Final  Beport  on  the  geology  of  the  Second  Distriotf  Dr. 
Emmons  gave  the  following  classification  of  the  Primary  rocks: 

I.    Unstratified.      II.  Stratified.    III.  Subordinate. 

1.  Granite  1.  Gneiss.                 1.  Porphyry. 

2.  Hypersthene  rock.  2.  Hornblende.        2.  Trap. 

3.  Primitive  limestone.  3.  Sienite.                3.  Magnetic,  and 

4.  Serpentine.  4.  Talc  or  Steatite.  4.  Specular  oxide  of  iron. 

5.  Rensselaarite. 

The  granites  are  recognized  as  erupted  at  different  epochs.  The 
hypersthene  rock  contains  disseminated  grains  and  extensive  beds 
of  magnetite  (p.  222).  The  primitive  limestone  is  still  regarded 
as  unstratified  and  igneous  in  origin  (pp.  38,  226).  Adverse  opin- 
ions are  examined,  and  new  evidences  adduced.  Serpentine  is  also 
alleged  to  be  never  stratified,  and  to  have  been  erupted,  probably, 
at  different  epochs  (pp.  69,  70).  Yet  it  never  occurs  in  dikes  or 
veins,  and  causes  no  alteration  in  contiguous  rocks.  The  same 
opinions  are  entertained  of  BensselsBrite  ( p.  74).  ''The  term  sienite 
is  applied  to  a  stratified  rock  composed  of  feldspar  and  hornblende" 
(p.  80).  The  magnetic  and  specular  oxides  of  iron  are  regarded  as 
of  igneous  origin  (p.  97).  Of  the  origin  of  the  stratified  primary 
rocks  nothing  is  here  recorded. 

The  seventh  chapter  of  this  volume  (pp.  136-164),  is  devoted  to 
the  '*Taconic  System,'*  though  none  of  the  rocks  have  been  ob- 
served to  occur  in  the  Second  District  of  New  York.  "A  large  por- 
tion of  its  rocks  or  masses  are  interlocked  between  the  New  Eng- 
land or  primary  ranges  upon  the  east,  the  most  important  of  which 

^Report,  Stcitna  DM.,  1SI2,  p.  135. 
**.inkTic(in  OtoUtgy,  Pt.  II.  pp.  6  and  6. 

iOioUn/U  0/  New  York,  Part  II,  ISiS,  p.  2».    This  was  published  May  26, 1843. 
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is  the  Hoosiok  mountain,  and  the  Taconio  (range),  with  the  more 

westerly  abrupt  hills,  upon  the  west — or  the  eastern  border  of  the 

New  York  Transition  system."    On  each  side,  the  rooks  partially 

blend  with  the  contiguous  systems.  The  lower  limit  of  the  Taconic 
Bystem  is  the  upper  limit  of  the  Primary.    The  statement  that 

''these  rocks  belong  to  the  earliest  deposits"  (p.  14L'  would  imply 
that  gneiss  (of  the  Primary)  is  not  regarded  as  sedimentary  in 
origin*.  The  upper  limit  of  the  Taconic  system  is  the  Potsdam 
sandstone — ^which  at  this  epoch  was  regarded  as  the  base  of  the 
f OBsilif  erous  series,  or  at  least  of  the  Silurian  series. 

The  formations  here  embraced  in  the  Taconic  system  are  the 
following,  in  descending  order: 
6.    Stockbridge    limestone,    coarse    granular  and  of   various 

colors. 
4.    Granular  Quartz  rock,  generally  fine  grained  and  brown,  but 

sometimes  white,  granular  and  friable. 
3.    Maguesian   slate   haying  a  soft   feel.    Principal    mass  of 
Taconic  mountains  (p.  153).    Perhaps  repeated  in  Greylock 
mountain,  on  the  east  of  the  Sparry  limestone. 
2.    Sparry  limestone. 

1.    Taconic  slate,  at  the  western  base  of  the  Taconic  range,  ad- 
jacent to  the  Hudson  Biver  shales. 
The  order  of  superposition,  however,  is  not  regarded  as  settled 

(p.  150).t 

This  is  what  Dana  calls  Phase  I. 

It  is  difficult  to  appreciate  the  reasons  given  by  Dr.  Emmons 
for  placing  his  Taconic  slate  at  the  bottom  (supposing  this  is  what 
he  means)— even  in  the  light  of  his  own  section  from  Adams, 
Massachusetts,  westward  to  the  Champlain  rocks  of  New  York 
(given  on  p.  145).  It  is  true  the  beds  have  a  general  dip  east- 
ward, giving  the  "Taconic  slate"  the  appearance  of  dipping  under 
all  the  other  members;  but  the''  Taconic  slate"  lies  contiguous  to  the 
Champlain  rocks,  and  even  extends  under  them,  though  apparent- 
ly by  an  overslip  of  the  latter. 

It  is  a  singular  inconsistency  of  Dr.  Emmons,  that  in  explaining 
the  distinctions  of  the  four  limestones  from  the  Primary  to  the 
Champlain,  he  expressly  ranges  the  "Sparry  limestone"  above  the 
"Stockbridge  limestone"  (p.  142) — ^an  order  which  he  was  des- 
tined later  to  accept  for  the  whole  Taconic  series.    Similarly,  (p. 

***DWlding  the  rooks  Into  two  classes,  the  primary  and  sedimentary"  (p.  290)  he  says, 
elsewhere.    See  also  p.  416. 

tThere  are  some  Indications  that  the  order  Intended  by  Emmons  Is  the  reverse  of 
this.  Bo  Mr.  Marcouhas  understood  him,  in  "The  Taconic  system  and  its  position  In 
stratlffraphlc  Keology"  (Proc.  Amer.  Acad,,  xll,  174-256. 1885.) 
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142)  he  plaoes  the  ''magneeian  slates"  below  the  ''fine  alominons 
slate  ("Taoonic  slate/')  an  order  which  he  immediately,  but  with 
apparent  unconsciousness,  reverses  (p.  141)  and,  though  somewhat 
hesitatingly,  defends  (p.  147). 

The  Stockbridge  limestone  must  be  distinguished  from  the  Pri- 
mary limefc'fcae  below,  and  the  Sparry  limestone  must  not  be  con- 
founded with  a  silicious  limestone  occurring  in  the  "  Champlain 
group  "  above.  Similarly,  "  the  ''  Magnesian  slate  "  must  be  dis- 
tinguished from  the  lower  Talcose  slate  of  the  Primary,  and  the 
Taconic  slate  must  not  be  confounded  with  the  shales  and  slates  of 
the  Hudson  river.  The  Taconic  rocks  are  entirely  destitute  of 
fossils ;  but  ''they  furnish  us  with  a  knowledge  of  that  state  which 
immediately  preceded  the  existence  of  organic  beings"  (p.  164). 
They  are  regarded  as  "  equivalent  to  the  Lower  Cambrian  of  Pro- 
fessor Sedgwick,"  *'  the  upper  portion  being  the  lower  part  of  the 
Silurian  system." 

In  the  '*  Tabular  Views  "  of  the  sedimentary  rocks  of  New  York 
(p.  429),  the  members  of  the  Taconic  system  are  given  as  follows  • 
4.    Granular  Quartz    [^Potsdam  sandstoDa.] 
8.    Stockbridge  Limeatone    f=Blue  limeetone  of  Hudson  Valley.] 
2.    Magnesian  Slate     [=Slate8  of  the  lowest  formation  of  the  Appa- 
lachian System.] 

L    Taconic  Slate. 

I  have  placed  at  the  right  in  brackets  the  equivalences  of  the 
Taconic  members  as  maintained  by  professor  H.  D.  Bogers,  in 
1844.* 

It  will  be  noticed  that  the  relative  positions  of  the  Granular 
Quartz  and  Stockbridge  limestone  here  are  the  reverse  of  those 
given  near  the  commencement  of  this  report.  Also,  the  Sparry 
limestone  is  omitted. 

1844,  Dr.  Emmons  issued  a  thin  quarto  volume  entitled  "Ta- 
conic System,"  and  dated  December  2, 1844,  containing  the  results 
of  the  previous  two  years  of  study.  The  Taconic  system  appears 
with  important  changes  and  an  extension  of  area.  The  contents 
of  th^  memoir  were  exactly  reproduced  (except  the  Preface)  in  his 
Beport  on  the  Agriculture  of  New  York.f 

1846,  In  the  first  volume  of  his  Beport  on  the  Agriculture  of 
New  York,^  he  devotes  the  fifth  chapter  (68  pages)  to  a  fresh  dis- 

*  In  May,  1844,  Prof.  II.  D.  Rogers  returned  to  a  discussion  of  the  Taconic  system,  in 
his  presidential  address  before  the  Association  of  American  Geologists  and  Natural- 
ists at  Washington  (Amer.  Jour,  Sci.,  xlvll,  137,  347,  444).  He  seems  to.have  been  the  first 
to  suggest  that  the  Potsdam  sandstone  might  not  be  the  absolute  base  of  fossllisatlon 
among  Amer  can  rocks. 

-^The  Taeonie  Swiem^  bcued  on  ohservcUtons  in  New  Tork^  Afajworhu^tte,  Maine,  Verm-tnt 
and  Rhodt  Island, 

tAgricidture  of  New  Ymit,  vol.  1, 1746.  p.  66. 
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cussion  of  the  Taconio  system.  Stimulated  by  the  opinion  of  the 
brothers  Sogers,  accepted  by  Mather,  E.  Hitchcock  and  Dr.  Sam- 
ael  L.  Dana,  that  the  Taconio  rocks  were  merely  metamorphic  condi- 
tions of  the  lower  members  of  the  New  York  or  Appalachian  system, 
he  resumes,  with  new  facte,  a  presentation  of  eyidences  sustaining 
his  former  positions,  1st,  that  the  Taconic  rocks  are  "inferior  to 
the  Champlain  division  of  the  New  York  system,  or  the  lower  di- 
vision of  the  Silurian  system  of  Murchison  (p.  55);  2d,  That  they 
are  a  series  of  sediments  reposing  directly  on  the  Primary  system; 
3d,  That  they  contain  previously  unknown  organic  remains;  4th, 
That  the  lithologic  members  of  the  Taconic  system  have  a  di£Ferent 
order  of  arrangement  from  that  found  within  the  New  York  sys- 
tem, and  are  much  thicker  than  those  to  which  they  have  been 
supposed  equivalent  in  that  system.  The  members  of  the  system, 
as  now  recognized,  are  as  follows: 

6.  Black  slate  (hitherto  included  in  Taconic  slate),  with  Atops 
trilineatus  and  EUiptocephalus  asaphoides,  I. 

6.  Taconic  slate  (with  seven  subdivisions),  including  Hoosiok 
roofing  slates  with  Bm)oide8  ejxd  N'ereites.  III. 

4.    Sparry  limestone  (of  Eaton).  11. 

3.    Magnesian  slate  of  Taconic  and  Saddle  mountains. 

2.  Stockbridge  limestone,  in  the  Hoosick  and  Housatonic  val- 
leys, and  extending  to  Sing  Sing. 

L  Brown  sandstone  or  Granular  Quartz,  with  four  subdivis- 
ions.    * 

This  is  what  Dana  calls  Phase  II. 

The  Sparry  limestone  is  here  replaced,  the  Black  slate  is  sepa- 
rated from  the  Taconic  slate,  and  the  whole  series  is  turned  upside 
down.  This  order  is  now  in  accordance  with  the  indications  of  the 
section  given  on  page  145  of  his  Beport  on  the  Second  District,  and 
conforms  with  the  theory  of  an  overturn,  as  maintained  by  H.  D. 
Bogers. 

In  this  volume,  the  Taconic  is  recognized  in  Bhode  Island,  in 
Maine  and  in  Michigan. 

In  another  publication  of  about  the  same  date*  he  makes  a  his- 
torical remark  on  the  origin  of  the  Taconic  system,  referring  to 
the  article  in  DisturreU's  State  Begister.  "In  making  up  oar 
notes  for  this  object"  he  says,  ''we  found  it  necessary  to  fix  upon 
some  general  subdivisions  of  the  rocks  belonging  to  the  State. 
We  drew  up  an  abstract  of  the  plan,  and  submitted  it  to  the  criti- 
cism of  the  Bev.  Prol  Dewey,  of  Bochester.    .    .    .    Professor 

•American  Qmuicriy  Journal  of  AgricuUure  and  Science,  vol.  Iv,  1846,  p.  902. 
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Dewey  approved  of  the  division  proposed,  in  the  main.  It  re- 
salted  in  separating  the  rooks  in  the  vicinity  of  the  Taoonic  range, 
both  from  the  Primary  and  the  New  York  Transition,  as  we  then 
called  them.  ' 

1848,  Professor  James  Hall  having  described*  Atopa  triUn- 
eatus  of  Emmons  under  the  name  of  Oalymene  beckiit  and  re- 
ferred it  to  the  Hudson  Biver  group,  and  having  also  described  in 
the  same  work  (p.  256)  Elliptocephaltis  aaaphoides  under  the 
name  of  Olenus  aaaphoides,  and  referred  it  likewise  to  the  Hud- 
son Biver  group  (see  especially  Hall's  foot-note,  p.  257)  professor 
Emmons,  ''with  other  specimens  more  perfect"  presented  to  the 
American  Association,  a  new  and  detailed  description  of  Aiops 
irilineattis,  and  a  parallel  description  of  TriarthriAs  (Calymene) 
becktif  pointing  out  what  appeared  to  be  important  differenoeet* 
He  also  discussed  Elliptocephalus,  and  indicated  technical  dis- 
tinctions between  that  genus  and  Olentis  and  Paradoxides  (p.  18 ). 
In  the  same  connection  he  repeated  that  the  tenability  of  the 
Taconic  system  rested  on  structural  and  mineralogical  evidence 
'far  more  important  than  the  presence  or  absence  of  oertain 
fossils" — meaning  evidently,  these  fossils. 

1855.  In  his  "American  Gkology,"  the  second  part  of  which 
appeared  this  year,||  the  Taconic  ^  system  receives  a  new  presenta- 
tion. The  following  is  a  synopsis  of  the  System  as  then  under- 
stood : 


T7pp«ur     (  Black  slate  of  Bald  mouniauif  L 

Taoonia   ( Taoonic  slate,  ITL  I.  Hadaon  slates  and  Oam. 

T^»^*     (  Maffnesian  slate,  IIL  Hadson  8late& 

tT^^    \  Btookbridfle  L.  indnd^ff  Sparry  li.    IL  Lower  Silurian, 
raoonia   J  q,^^i„  Quart*.  L  Cambrian. 

(I  have  added  on  the  righti  the  equivalenoee  as  laid  down  in 
1888,  by  professor  J.  D.  Dana). 

This  is  styled  by  professor  Dana,  Phase  m ;  but  the  only  change 
made  since  Dr.  Emmons'  last  pubUcation  is  the  omission  of  the 
** Sparry  Limestone,"  as  in  the  "Tabular  View/'  at  the  end  of  his 
Beport  on  the  Second  District — this  being  merged  in  the  *' Stock - 
bridge  Limeetone,** — and  the  recognition  of  a  division  of  the  ays- 
tern  between  the  foesiliferous  and  the  unfnwriliterouB  portions  — 
giving  ua*' Upper'*  and  "Lower  *'Taeonia  There  were  two  reaaons 

*l\Uaei»iUolo9lf^  ^^^  Tork^  vol.  I.  p.  909^,  pl»  Ut»  tgs»  4«-e. 
-^Prve.  Amer.  A*m»^  t^.  pp,  16-19L 

$  In  his  Judmueut  ot  lack  of  identity*  ki«  had  b««n  sustained  bj  S.  Sw  Haldeman, cbalr^ 
muu  of  a  cotiimittee  of  the  Ase^oi'iatkHi  of  Am«>rican  G«H>loirt»ts  and  Naturallsta.  a 
pointed  to  ixni>ider  the  question  {Amtr.  J'Htir,  Sci.  II.  v.  U7. 1:^8• .    This  Judgment 
feeisi>r  Hall  0|>po«sv*l  iAmirr,  jK*ur.  Sci.  IL  ▼»  32»  l*^«*.» 
'    I  Ameriettm  ihi^^iv^.  V^r%  H.  830  pp..  Albifcuv.  ISSx  pp.  l-tS. 
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for  inyertiiig  the  order  as  originally  given  :  Ist,  evidence  of  an  over- 
tnm,  as  all  along  argued  by  Bogers,  and  as  shown  by  the  diagram 
given  by  Emmons  himself ;  2d,  the  discovery  of  fossils  in  the  Black 
elate,  which  Emmons  had  always  merged  in  the  Taconic  slate,  or 
had  closely  associated  with  it  (Ag.  Rep.,  63).  Thus  the  Black  and 
Taconic  slates  now  stood  at  the  top,  but  their  close  chronological 
association  was  an  erroneous  assumption — ^the  former  only  belong- 
ing truly  to  the  sub-Potsdam  series.  As  Dr.  Emmons  excluded 
the  Potsdam  sandstone  from  the  Taconic,  and  as  the  Granular 
Quartz  has  proved  to  be  Potsdam  sandstone,  the  Black  slate  was 
idl  that  he  had  thus  far  really  brought  into  the  sub-Potsdam  Ta- 
conic. This  Black  slate  of  Bald  mountain,  Bensselaer  county,  was 
now  the  only  imperishable  nucleus  of  the  Taconic  system  as  con- 
ceived— however  Dr.  Emmons  believed.  The  so-called  Lower  Ta- 
conic was  pronounced  azoic. 

The  following  points  taken  from  the  "American  Geology"  (p. 
122 )  embody  the  most  important  features  of  the  system  as  then 
understood  by  its  author:  1.  "Its  series  divided  into  groups  are 
physically  unlike  the  Lower  Silurian  series;  2.  *'It  supports  un- 
Gonformably  at  numerous  places,  the  Lower  Silurian  rocks."  3. 
"It  is  a  vital  system,  having  been  deposited  during  the  period 
when  organisms  existed";  6.  It  "carries  us  back  many  stages 
further  in  time,  when  life  gave  vitality  to  its  waters,  than  the  Si- 
lurian." To  the  Bald  mountain  locality  of  trilobites  he  here  added 
one  in  Augusta  county,  Virginia,  from  which  he  described  Micro- 
discus  quadricostatus.  He  also  described  four  marine  plants,  22 
graptolites  and  six  molluscs. 

Keeping  in  mind  the  black  slate  of  Bald  mountain,  which  had 
yielded  two  species  of  trilobites  regarded  by  Emmons  as  sub-Pots- 
dam in  age,  though  described  by  Hall  as  of  Hudson  Biver  age,  it 
is  interesting  to  note  the  discovery,  about  this  time,  of  other  tril- 
obites in  the  Black  slates  of  West  Georgia,  Vermont,  lying  within 
the  region  claimed  by  Emmons  as  Taconic.  These  falling,  after 
two  years,  into  the  hands  of  professor  Hall,  were  also  described  by 
him*  as  belonging  to  the  Hudson  Biver  group.  By  this  authority 
the  beds  were  thus  made  equivalent  to  the  Bald  mountain  Black 
ttlate.  The  names  given  these  trilobites  were  Olenus  thompsoni, 
O,  vermontana  and  Peltura  holopyga,  now  determined  by  Waloott 
as  Olenellus  thompsoni  Hall,  O.  (Mesonacis)  vermontana  Hall 
sp.  and  Bathynoius  holopyga  Hall  (Amer.  Jour.  Set.  Ill, 
xxxvii,  389,  May,  1889).    Theae  were  new  accessions  to  the  real 

*Tu?dfth  Ann.  Rep.  yew  Yorh  Regents,  inm.  5(MJ2.    On  the  agf  of  the  rooks  hee  PaL  N. 
York,  vol.  III.  p.  M;  compare  rIho  <d.,  p.  &. 
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Taooiiic,  for,  though  made  Silurian  by  Hall,  they  were  recognized 
by  Parrande  as  primordial  or  sub- Silurian  types.  A  real  snb-Pots- 
dam  Taconio  existed,  therefore,  in  1864,  in  Bensselaer  county, 
New  York,  and  in  West  Georgia,  Vermont,  not  to  mention  Angosta 
county,  Virginia.    That  fact  was  embraced  in  Dr.  Emmons'  claim.* 

1859,  We  have  no  documents  of  this  date  from  the  pen  of  I>r. 
Emmons,  showing  his  use  of  these  primordial  trilobites  as  vonchers 
for  the  existence  of  a  real  Taoonic  system.  We  find  no  recorded 
views  from  him  on  {he  publication  made  by  Prof.  Hall  in  1859; 
but  in  his  Manual  of  Geology f  (p-  88)  the  preface  of  which  is 
dated  May  1, 1859,  a  large  trilobite  is  figured  under  the  name  of 
Paradoxides  hrachycephal'os^  which,  as  suggested  by  profeesor 
0.  H.  Hitchcock  in  1881.^  is  identical  with  0lenu8  thampsoni 
Hall. 

This  publication  antedates  that  of  the  Twelfth  Begenis'  Report. 
The  evidence  is,  therefore,  that  independently  of  work  done  by 
others  in  Vermont,  and  before  their  results  were  published.  Dr. 
Emmons  had  become  acquainted  with,  delineated  and  published 
sub-Silurian  trilobites  within  the  Vermont  area  over  which  he  had 
extended  his  asserted  sub-Potsdam  Taoonic  system.  The  Georgia 
slates  now  beginning  to  yield  the  palaeontological  evidence  of  their 
age,  were  part  of  the  ^'Primitive  argillaceous  slate"  of  professor 
Dewey  ;§  the  ^'Primitive  argillaceous  slate"  of  Dr.  E.  EUtdicock;** 
the  **Blaok  slate"  and  'Taoonic  slate"  of  Dr.  Emmons  in  various 
publications  on  the  Taoonic  system. 

1860.  However,  in  a  note  at  the  end  of  the  second  edition  of  his 
Manual  of  Geology  (p.  280)  he  says:  'The  slates  or  shales  referred 
to  (in  the  Regents^  Report  for  1859)  in  norihem  Vermont,  as  con- 
stituting  a  new  series  above  the  so-called  Hudson  River  group,  in- 
stead of  ranking  thus  high  in  the  geological  scale,  are  really  sub* 
Uilnrian,  as  is  fully  proved  by  the  overlyinii^  caldf erous  sandstone. 

*TUe  Tft^ottic    system  was   mainliilned   In  the  Report  am  Ifte  GaolopCDOl  SMntcy  of 
Stwih  OtroliiMi.  8  vo.  ISSCw  pp.  I»-7S— f«Tle«e4  In  amcr.  Jour.  Set.  IL  uIt.  «?•«». 

*M%mtMi  of  Otvitv^  Bx  E.  Eniuons.  390  pp.  8  to.  Phlla4elphln«  IMOl 

ttitKyhyg^  of  Venmomi.  xvi.  1. 357. 

I  AccH^nlinit  t«)  Pn^f.  Hall,  the  vh<vle  of  the  Xllth  RtQimit  Repmi  vas  pnhUshed  pre- 
vious to  Sept.  ax  ISBVk  Mr.  BUllniES  irl  wts  Oet.  or  Not.  for  the  date  oT  potdlcatloii  (Oon- 
ikikm  AVihcnilMl,  vi.  ai6)  thoujph  the  date  on  the  title  pM«  *»  Mueh  ISw  Um  CTtdently 
the  date  at  vhioh  the  printinir  be^nui.  This  document  purports  to  be  ^'sonie  of  the 
rv^ulis  i>f  laTesttinitiotts  made durinir  the  Tears  l^sQ&  "Sa.  ^  and  'Si^by  JaaacaHaU  **  and 
a  note  5tate»  that  they  ''are  wilready  printed  In  the  third  T\iit«m(e  of  the  l%hiwfnlpw  o/ 
>nr  Ttvt.*'  The  tran^^cmissi^ui  of  this  vwlume  to  the  cv-kTenK>r«  neTettheleM*  la  dated 
Se>ptctut^r.  ISSOk.**  sh\^«inj^  that  thoui^h  **printed«"  it  va»  afot  pifttlfeihedeatliar  than  the 
rwv^':*  ftrtiTHte'  Rrivirt. 

Uw\^V*i^^  •Vt*t'  ^"^  Arri^«nr«  JIAtw:  t\>jfena5M  «t«U  fdnrnwAwr  wtutMim^  X  T^  Amer.  Jour. 

•  •tK\v.  v*tf\»l  RW-j^vt   yJ*  M  WS»vA»jVfS3^  |>ai 
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.  .  .  We  now  know  the  following  trilobites,  all  of  which  belong 
to  a  slate  beneath  the  Calciferous,  yiz:  Atopa  punctatuSf  Ellip^ 
iocephalus  (Paradoxidea)  asaphaideSf  Paradoxides  Thompaonif 
P.  VermontanuSyP.macrocephalus,  P.  (Pagurua)  quadriapinosua 
and  Microdiacua  quadricoatatua." 

This  extension  and  validity  were  given  the  Taconio  system  daring 
the  life  of  Dr.  Emmons,  and  almost  wholly  through  the  persistence, 
ability,  and  force  of  his  own  efforts.  The  geologists  of  the  coantry, 
saire  Yanuxem,  Jewett  and  Billings,  were  unitedly  against  him. 
The  most  prominent  palaeontologist  of  the  country  had  referred  the 
Georgia  trilobites  to  the  upper  part  of  the  Hudson  Biver  group. 
The  distinguished  structural  geologist  of  Canada,  Sir  William 
Logan,  had  rendered  his  testimony  that  the  shales  affording  the 
fossils  were  "part  of  a  series  of  strata  which  he  is  (was)  in- 
clined to  rank  as  a  distinct  group  above  the  Hudson  Biver  proper.* 
Only  one  authoritative  voice  was  raised  in  vindication  of  Dr.  Em- 
mons' long  contested  claims.  That  voice  came  from  across  the 
ocean,  and  almost  in  tones  of  reproach  for  American  palsBontology, 
in  failing  to  recognize  the  principles  of  order  which  it  bad  pro- 
fessed to  recognize  in  the  succession  of  organic  life,  gave  utterance 
to  the  sentiment:  '*Si  le  Dr.  Emmons  fait  encore  de  la  g^logie  c'est 
pour  lui  une  belle  occasion  pour  r^produire  ses  anciennes  observa- 
tions et  ses  id^es  avec  plus  de  succ^s  q'en  1844.t 

No  public  documents  relating  to  the  Taconic,  of  later  date  than 
1860,  issued  from  the  pen  of  Dr.  Emmons.  He  went  to  North  Car- 
olina in  September,  i860,  as  Stale  Geologist,  and  remained  within 
the  Confederate  lines  during  the  civil  war,  "until  he  died,  in  1863, 
at  his  plantation  in  Brunswick  county,  on  the  first  of  October*  \ 
Mr.  Marcou,  however,  maintained  a  correspondence  with  him  until 
January  28, 1861,  and  from  these  letters  I  quote  a  few  passages.  || 

In  a  note  dated  Baleigh,  Nov.  10, 1860,  he  says  :  "  I  do  not  think 
him  (Barrande)  right  in  maintaining  that  bis  Primordial  Group  is 
a  part  or  parcel  of  the  Silurian    .    .    .    The  Lower  Silurian  is 
strictly  unconformable  to  every  part  of  my  Taconic  series.'*  Writ 
ing  the  next  day,  he  continues :  ''Perhaps  I  did  Barrande  injustice. 

.  .  I  find  that  after  all,  his  Primordial  Group  is  only  Lower 
Silurian.    I  conceive  we  have  exactly  his  Primordial  Group  in  the 


^Twelfth  Report  N.  Y.  Regents,  p.  62,  note. 

^Letter  of  M.  Barrande  to  M.  Marcou,  14th  Aug.,  !8Q0,  (Proe.  Amer.  Aead.^  1885.  p.  182  ) 
"On  the  Primordial  Fauna  and  the  Taoonic  System  of  Emmons."  Also,  In  part,  ProC' 
Bo&Um  Society  Nat,  Hitt,  vll,  Dec.  1800, 369-376. 

iThe  letters  are  published,  with  much  other  correspondence,  in  Proe.  Amer.  Aead., 
Xii,  1885,  pp.  161-224. 
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band  of  slates  containiDg  the  Faradoxides,*  On  the  28ih  of  Dec- 
ember, referring  to  a  communication  rejected  by  the  editor  of  the 
American  Journal  of  Science^  in  which  were  embodied  some  com- 
ments on  the  Huronian  system  of  Logan,  he  says  :  "  I  claimed  that 
the  Huronian  was  only  the  Taconic  system."  On  January  23, 1861, 
he  writes  :  "  It  was  ten  years  ago,  I  think,  when  I  claimed  Logan's 
Huronian  system  as  nothing  more  than  the  Taconic.  .  .  The 
acknowledgment  of  the  Primordial  of  Barrande  in  this  country  (re- 
ferring to  some  concessions  of  Sir  William  Logan  )t  is  really  one 
of  the  finest  and  best  facts  in  geology,  making  a  co-ordination  of 
American  and  European  rocks  so  complete  and  harmonious ;  I 
think  of  nothing  I  have  said  or  done  in  this  matter ;  I  look  upon 
the  harmony  of  the  systems  ;  they  are  truly  worth  dwelling  upon." 

In  reference  to  M.  Marcou's  proposal  to  include  the  Potsdam  sand- 
stone within  the  Taconic,  Dr.  Emmons  writes,  January  28,  1861 : 
'<  Let  me  declare  once  for  all,  that  I  have  not  the  slightest  objection 
to  your  view.  .  .  If  you  believe  you  can  make  out  a  good  case 
with  the  Potsdam  anywhere,  I  never  shaU  object,  for  I  have  no 
wants  except  truth." 

These  noble  sentiments  close  the  correspondence,  and  constitate, 
so  far  as  I  know,  the  last  utterance  of  Dr.  Emmons  which  passed 
the  lines  of  a  country  so  soon  to  become  the  theatre  of  bloody  war. 

Let  us  now  consider  the  form  which  the  Taconic  system  had  as- 
sumed during  the  lifetime  of  its  author  : 

'Potsdam  sandstone  (snggested  by 

Maroon,  aasented  to  by  Emmons).    L  Cambrian. 

Black  slate  of  Bald  Moontain  and 
Georgia  slates  of  Vermont.  L  Cambrian. 

^Taoonio  slates.  HL  Hudson  slates  and  L  Cam. 

(Magnesian  slate.  IIL  Hndson  slate. 
Stockbridffe  limestone,  including 

Sparry  limestone.  EL  Lower  Silurian. 

Qrannlar  quartz.  L  Cambrian. 

*Tbls  looks  like  an  admission  that  Emmons*  Paradorfdat  band  was  Lower  SUurian— 
against  which  he  contended.  But  though  Primordial  was  SUurlan  In  the  extended 
sense  in  which  Barrande  used  the  term,  it  was  beneath  the  Silurian  as  Emmons  con- 
ceived it.  On  the  previous  day  he  had  declared  Barrande's  Primordial  not  properly 
Silurian. 

-^About  this  time,  in  a  letter  to  Barrande,  dated  Dec.  31.  ISOOi,  Sir  W.  E.  Logan  wrote: 
"  Professor  Emmons  has  long  maintabied  .  .  .  that  rocks  in  Vermont  which  in  June 
18S0, 1  for  the  first  time  saw  and  recogniied  as  equlTalent  to  the  magnesian  part  of  the 
Quebec  group,  are  older  than  the  Birdseye  limestone  :  the  fossils  which  have  this  year 
been  obtained  at  Quebec,  pretty  clearly  demonstrate  that  in  this  he  is  right.  It  Is  at 
the  same  time  satisfactory  to  find  that  the  view  which  Mr.  Bill ings  expressed  to  you  in 
his  letter  of  the  lS\h,  July,  to  the  effect  that  the  Quebec  trilobites  appeared  to  him  to 
be  about  the  base  of  the  second  fauna,  should  S4>  well  accord  with  your  own  opinions, 
and  that  what  we  were  last  spring;  dispoe»ed  to  reheard  at  Georgia  as  a  colony  In  the  sec- 
ond fauna  should  so  soon  Ik»  pn)ved,  by  the  discort^rtes  at  Quebec,  to  be  a  constituent 
part  of  the  Primordial  Zone."  This,  says  Barrande  iCkKumttw  antiens  rt  ftoMneaiur,  etc. 
Bull.  4  Fev..  IH59.  p.  3a>)  "  N  a  formal  reci^guUlou  by  Sir  William  Logan,  of  the  Taconic 
System  at  the  base  of  the  Silurian.'* 


Upper 
Taoonio. 
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On  the  right  are  the  parallelisms  established  by  Dana,  Waloott 
and  others.  The  Table  shows  the  Taconio  system  left  by  its  au- 
thor in  state  of  incompleteness — even  confusion.  We  find  three 
members  whose  true  positions  are  above  the  Potsdam  sandstone. 
Bat  we  find  also  three  members  whose  positions  are  admitted  to 
be  snb-Potsdam — as  maintained  by  Emnions.  The  mal-position 
of  the  Stookbridge  limestone  was  an  error  of  exactly  the  same 
magnitade  as  that  of  the  geologists  who  would  identify  the  Gran* 
ular  quartz  with  the  Potsdam  sandstone,  or  would  make  the  Black 
slates  of  Georgia  synchronous  with  the  Hudson  Biver  shales.  Our 
science  was  then  in  a  comparatively  crude  state,  and  none  of  these 
errors  need  surprise  us.  We  have  ascertained  that  a  real  sub- 
Silurian  system  exists,  and  that  Dr.  Emmons  fixed  upon  three  if 
not  four  of  its  members.  Such  are  the  facts.  Geologists  will 
differ  as  to  the  question  whether  such  a  degree  of  success  entitles 
Dr.  Emmons  to  a  recognition  of  the  name  proposed  by  him  for  the 
real  system  whose  existence  he  mentally  apprehended  so  well,  but 
whose  form  he  defined  so  imperfectly. 

It  is  intended  to  pursue  the  later  history  of  opinion  concerning 
the  Taoonic  system,  as,  with  the  progress  of  science,  the  question 
became  more  and  more  paleeontological;  and  if  not  yet  regarded 
as  settled,  the  discussion  is  proceeding  mainly  on  palaeontological 
grounds.  *  The  principal  papers  published  in  the  controversy,  since 
the  close  of  the  era  of  the  founder — about  1860,  will,  unless  pre- 
viously quoted,  be  found  cited  in  the  subjoined  note. 

*1M0.    Barrande,  Joachim. 

On  the  Primordial  Fauna  and  the  Taconic  system,  with  Notes  by  Jules  Maroou» 
Proc.  Bos.  Soe.  Nat.  Hm.,  Vol.  VII,  pp.  3e0-382. 
1861.    Barrande,  J. 

Documens  anclens  et  nouveaux  sur.la  fauiie  primordial  et  le  syst^me  Taconique 
en  Am6rlque.    Paris,  1861. 
1861.    Hunt,  T.  S. 

On  the  Taconio  system  of  Emmons.    Amer.  Jour.  Sci.  II.  xxxii,  427-430. 
1861.    Hunt,  T.  S. 

On  some  Points  in  American  Geology.    Amer.  Jour.  Set.  II,  xxxl,  pp.  302-414. 

1861.  Marcou,  Jules. 

The  Taconic  and  Lower  Silurian  Bocks  of  Vermont  and  Canada.    Froc.  Boa 
Soe.  Nat.  Hist.,  Vol.  vlii,  pp.  2:«-253. 

1862.  Marcou,  Jules 

Liste  additionelle  des  fos.silcs  du  terrain  Taconique  de  TAmdrique  du  Nord. 
BuU.  Soe.  o6oloo.dtFratice,  vol.  xix  p.  746  Paris. 

1862.  Marcou,  Jules 

Letter  to  Mr.  Joachim  Barrande  on  the  Taconic  Rocks  of  Vermont  and  Canada* 
Aug.  4862,  pp.  1-15,  Cambridge,  Mass. 

1863.  Bigsby,  J.  J. 

On  the  Cambrian  and  Huronian  Formations.    Quar.  Jour.  Geol.  Soe.,  36-52,  Feb. 
1863. 
1864.    Marcou,  Jules 

Notice  sur  les  gisements  des  lentiUes  trilobltif^res  taconlques  de  le  Pol  nte  L6vi» 
au  Canada.    BuU  Soe.  o6ol,  de  France^  vol.  xzi,  pp.  2:16-250  (Paris.) 
1866.    Logan,  W.E. 
-7 
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On  the  Geology  of  Eastern  New  York  [Tour  with  James  Hall.]    Canad.  Natural- 
ist and  Oeol.    .    Republished,  Amer.  Jour.  Sci.,  II,  xxxlx,  96-96. 
1809.    Perry,  J.  B. 

A  point  In  the  Geology  of  Western  Vermont.    Amer.Jour,  Sci.  II,  xlvil,  3(1-349 
[Important] . 
Brainerd  and  Seely, 

The  Marble  Border  of  Western  New  England.    Middlebury  HisitorUdl   Soeitty, 
Vol.  i,  Pt.  II.  1885. 
Julien,  A.  A. 

On  geology  at  Great  Barrington,  Mass.  Trans.  N.  Y.  Acad.  Sci.  1887. 
1873.    Dana,  James  D. 

On  tlie  Quartzlte,  Limestone  and  associated  Rocks  of  the  Vicinity  of  Great  Bar- 
rington, Berkshire  county,  Mass.    .    Amer.  Jour.  Sci.,  Ill,  Iv.  pp.   383-377: 
450-453;  v.  pp.  47-53;  84-91;  vi,  pp.  257-278. 
1877.    Dana,  James  D. 

An  Account  of  the  Discoveries  in  Vermont  Geology  of  the  Rev.  Augustas  Wing. 
Amer,  Jour.  Set.  Ill,  xii,  pp.  332-347;  405-419;  xiv,  pp.  36-7. 

1877.  Dana,  James  D. 

On  the  Relations  of  the  Geology  of  Vermont  to  that  of  Berkshire.    Amer.  Jour. 
Sci.  III.,  xiv.  pp.  37-48;  132-140;  202-20T:j  257-264. 

1878.  Prime,  Frederick,  Jr. 

On  the  Discovery  of  Lower  Silurian  Fossils  in  Limestone  associated  with  Hydrcv 
mica  Slates,  and  on  other  Points  in  the  Geology  of  Lehigh  and  Northampton 
counties,  Penn.    .    Amer.  Jour.  Sd.  Ill,  xv,  261-209. 

1879.  Dale,  T.  Nelson,  Jr. 

On  the  Age  of  the  Clay-slate  and  Grits  of  Poughkeepsie.    Amer.  Jour.  Sei.  III. 
xvil.  57-60. 
1879.    Dana,  J.  D. 

On  the  Hudson  River  Age  of  the  Taconic  Schists,  and  on  the  dependent  Rela- 
tions of  the  Dutchess  county  and  Western  Oonn.    Limestone  Belts.    Amtr. 
Jour.  Sd.  Ill,  xvli,  375-388;  xviii,  61-64. 
1879.    D wight,  W.  B. 

On  some  Recent  Explorations  in  the  Wappinger  Valley  Limestone  of  Dutchess 
county,  N.  Y.,  Amer.  Jour.  Sci.  Ill,  xvii,  389-303. 

1879.  Whitfield,  R.  P. 

Discovery  of  Specimens  of  Maelurea  magna  of  the  Chazy,  In  the  Barnegat  Lime- 
stone near  Newburgh,  N.  Y.,  Amer.  Jour.  Sci.  Ill,  xvlii,227. 

1880.  Lesley,  J.  P. 

A  Hudson  River  Fossil  Plant  in  the  Roofing  Slate  that  is  associated  with  chlor- 
ite Slate  and  Metamorphic  Limestone,  in  Maryland,  adjoining  York  and 
Lancaster  counties,  Pa..  Proc.  Amer.  PhUoiKiph.  Soc.^  xvlil.  365;   Amer. 
Jour.  Sci.  Ill,  xix,  71-2. 
1880.    Ford,  S.  W. 

Note  on  the  Trllobite,  Atops  trilineatus  of  Emmons  [Holding  it  distinct].    Amer. 
Jour.  Sci.,  Ill,  xix,  152-3. 
1880.    Dana,  J.  D. 

List  of  Papers  on  the  Taconic  System  [as  at  first  defined  by  Emmons]  [witli 
statements  of  points].    Amer.  Jour.  Sci.,  Ill,  xix,  153-154. 

1880.  Ford.  S.  W. 

On  the  Western  Limits  of  the  Taconic  System.    Amer.  Jour.  Sci.,  III.  xix.  225-296. 

1881.  Wlnchell,  N.  U. 

The  Potsdam  Sandstone.    [Discusses  Taconic].    ViiWi  Ann.  Rep.  Aflnn.  pp.  123- 
136. 
1881.    Dana.  J.  D. 

Geological  Relation  of  the  Limestone  Bells  of  Westchester  County,  N.  Y.,  Amer. 
Jour.  Sci.,  Ill,  xxii.  313-31&-327-335. 

1881.  Marcou.  J. 

Taconic  Rocks  of  the  Border  of  Lake  Champlain.    BuU.  Soc.  gM.  France^  Nov., 
1880.    Noticed  Amer.  Jour.  Sci.,  Ill,  xxii,  321-2. 

1882.  Dana,  J.  D. 

Geological  Ago  of  the  Taconic  System,  i^uar.  Jour.  Ged.  Soc.  Lond.,  xxxvlll,39T, 
Abstract  .Amer.  Jour.  Sci.,  Ill,  xxlv,  291-3. 

1883.  Hunt.T.  S. 

^he  Taconic  Question  in  Geology.    Trans.  Roy.  Soc.  Canada,  Vol.  I,  Sec.  4. 
[Dana  says  ''Deficient  and  one-sided."] 
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1883.    Selwyn,  A.  B.  C. 

Notes  on  the  Geology  of  the  Southeastern  Portion  of  the  Province  of  Quebec. 
Can.  Rep.  for  1880-1-2,  A.  pp.  6-7. 

1883.  Walcott,  CD. 

The  Cambrian  System  In  the  United  States  and  Canada,  BuU.  PhUosoph.  Soe., 
Washington,  vol.  vl,  pp.  98-102. 

1884.  Walcott.O.  D. 

On  the  Cambrian  Fauna  of  North  America.    Bull.  U.  S.  Oeol.  Surv.,  No.  10,  pp. 
55  and  nine  places. 
1884.    Winchell,  N.  H. 

[Inoidental  discussion  of  Taconic  in]  The  Crystalline  Bocks  of  the  Northwest. 
Proe,  Amer.  Assoc. ^  1884,  pp.  363-379. 
1884.    Ford,  8.  W. 

On  the  Age  of  the  Qlazed  and  Contorted  Slaty  Boclcs  in  the  vicinity  of  Schodack 
Landing.    Amer.  Jour.  Sci.,  Ill,  xxvlll,  206-206.    Erratum,  p.  242. 
1884.    Dana,  J.  D. 

On  the  Southward  Ending  of  a  Great  Synclinal  in  the  Tacooic  Bange.    (Bead 
before  the  British  Association).    Amer.  Jour.  Sci.  Ill,  xxvili,  268-273. 

1884.  Hall,  James. 

On  the  Hudson  Biver  Age  of  the  Taconic  Slates.    [Notice  of  by  Dana].    Amer. 
Jour.  Set.,  Ill,  xxvili,  8U-312. 

1885.  Maroou,  Jules. 

The  "Taconic  system,"  and  its  Position  in  Stratigraphic  Geology.    Proc.  Amer, 
Acad,  of  Arts  and  Sciences,  Vol.  xii,  174-256.  [With  bibliographical  statements 
and  letters  from  Emmons  and  Barrande.] 
1885-7.    Dana,  J.  D. 

On  Taconic  Boclcs  and  Stratigraphy,  with  a  Geological  map  of  the  Taconic 
region.  Amer.  Jour.  Sei.  III,xxlx,  206-222;  437-443;  xxxiii.  270-276;  393-412. 

1886.  Dana,  J.  D. 

On  Lower  Silurian  Fossils  from  a  Limestone  of  the  original  Taconic  of  Emmons. 
[Amer.  Assoc.,  1885],  Amer.  Jour.  Sci.  Ill,  xxxi,  241-248. 
1886.    Ford.  S .  W.  and  W.  B.  Dwight. 

Preliminary  report  upon  Fossils  obtained  in  1885,  from  metamorphlc  limestones, 
of  the  Taconic  series  of  Emmons,  at  Canaan,  N.  Y.,  Amer.  Jour.  Sci.  Ill, 
xxxi,  248-255,  with  plate  vil. 
1886.    Dana,  J.  D. 

The  History  of  Taconic  Investigation  previous  to  the  work  of  Professor  Emmons, 
(Address,  Berkshire  Historical  Soc.,  Feb.  1885.)    Amer.  Jour.  Sei.   Ill,   xxxi 
300-401. 
1886.    Walcott,  C.  D. 

Classification  of  the  Cambrian  system  of  North  America  (Bead  before  National 
Academy  of  Science,  Washington,  Apr.  23, 1886)  Amer.  Jour.  Sci.  Ill,  xxxli, 
138-157. 
1886.    Walcott,  C.  D. 

Second  Contribution  to  the  Cambrian  Faunas  of    North  America,  360  pp.  8vo. 
with  33  plates.    BuJU.    No.  30.    U.  S .  Geol.  Surv. 

1886.  Hunt,T.  S. 

Mineral  Physiology  and  Physiography  [Taconian  (Taconic)    considered  exten- 
sively In  many  parts  of  the  work.    See  Index.] 

1887.  Winchell.  N.  H. 

Notes  on  Classification  and  Nomenclature  for  the  American  Committee  of  the 
International  C^eological  Congress.     American  NaturaiUl,  March,  1887,  p 
603-700. 
1887.    Hunt,  T.  S. 

The  Taconic  Question  Bestated.    Amer.  Naturalist,  xxl,  114-125;  238-250;  312-320. 
1887.     Dwight,  W.  B. 

Palseontologlcal  Observations  on  the  Taconic  Limestone  of  Canaan,  Colum- 
bia county,  N.  Y.    (Amer.  Assoc.  Aug.,  1880,)  Amer.  Naturalist,  1887,  p.  270. 
1887.    Walcott,  C.  D. 

Geologic  Age  of  the  Lowest  Formations  of  Emmons'  Taconic  System.    Bead  be- 
fore Philosophical  Soc.    Washington,  Jan.  15,  i887.    Abstract,  Amer.  Jour. 
Sci.,  Ill,  xxxlli,  153^. 
1887.    Dana,  J.  D. 

The  Views  of  Prpfessor  Emmons  on  the  Taconic  Question.    Amer.  Jour.  Sd.. 
Ill,  xxxiii,  412-419. 
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1887.    Walcott,  C.  D. 

Fauna  of  the  "Upper  Taconic"  of  Emmons,  in  Washington  countj'.  N.  Y..  A.mer. 
Jour.  Sci.,  Ill,  xxxiv,  187-199. 

1887.  Irving,  K.  D. 

Is  there  a  Huronlan  Group?    Amer.  Jour.  8ci.,  Ill,  xxxlv,   204-216;  316-263;  365- 
374. 

1888.  Bonney,  T.  G. 

Notes  on  the  part  of  the  Huronian  Series,  in   the  neigh bQrhood  of  Sudbury 
Canada.    Quar.  Jour.  Oeol.  Sac.  London,  Feb.  1888,  pp.  32-35. 
1888.    Marcou,  Jules. 

American  Geological  Classification  and  Nomenclature,  pp,  75  Cambridge. 
1888.    Marcou,  Jules. 

On  some  Dates  of  the  "Report  on  the  Geology  of  Vermont."     Proe.  Botton  is*te. 
Nat.  Hist,  vol.  xxiii,  83-89. 
1888.    Hitchcock,  C.  H. 

Dateof  the  Publication  of  the  Report  upon  the  Geology  of  Vermont.    Proe. 
Boston  Sac.  Nat.  Hist.,  xxiv,  32-37. 
1888.    Wlnchell,  N.  H. 

Some  Objections  to  the  Term  Taconic  Considered.    Amer.  OcologUt^  i,  1G2-171 
March. 
1888.    Wlnchell,  N.  H. 

Note  in  Reply  to  Walcott.    Amer.  Geolooisty  i,  230-224. 
1888.    Miller,  S.  A. 

The  Taconic  System  as  established  by  Emmoms,  and  the  Laws  of  Nomenclature 
applicable  to  the  Subject.    Amer.  Oeol.  i,  235-245. 
1888.    Wlnchell,  Alexander. 

The  Taconic  Question.    Amer.  Otologist,  i,  347-363,  June. 
1888.    Marcou,  Jules. 

Palaaontologic  and  Stratigraphic  "Principles"  of  the  Adversaries  of  the  Tacon- 
ic.   Am^  OeolooUtt,  11, 10-23;  67-88,  July  and  Aug. 
1888.    Selwyn,  A.  R.  C. 

Huronian,  Taconic  and  Quebec.    Amer.  OeologisU  il,  61-62, 135. 
1888.    Wlnchell,  N.  H. 

[Use  of  the  term  Taconic,  in  Report  to  International  Committee]  Amer.  Geoto- 
gist,  ii,  208-211. 
1888.    Walcott,  CD. 

On  the  Taconic  System  of  Emmons  [Compiled  as  an  expression  of  opinion]  Amer. 
Oeologist,  ii,  215-219,  with  Note  by  N.  K.  Wlnchell,  230-234. 

1888.    Vogdes,  A.W. 

Some  Forgotten  Taconic  Literature.    Amer.  Oeologist,  11,  352-355. 
1888.    Walcott,  Charles  D. 

The  Taconic  System  of  Emmons,  and  the  Name  Taconic  in  Geologic  Nomencla- 
ture.   Amer  Jour.  Sci.  Ill,  xxxv,  229-242;  307-327;  394-401. 

1888.  Dana.  James  D. 

A  brief  History  of  Taconic  Ideas.    Amer.  Jour.  8cL  III,  xxxvl,  410-427. 

1889.  Marcou,  Jules. 

Canadian  Geological  Classification  for  the  Province  of  Quebec.     Proc.  Botton 
Soc.  Nat.  Hist.,  xxxiv,  54-83. 

1889.    Marcou,  Jules. 

Barrande  and  the  Taconic  System.    Amer.  Oeologist,  ill,  118-1117. 
1889.    Marcou,  Jules. 

The  Taconic  in  the  Salt  Range  of  the  Punjab  (India) .    Amer.  Oeologttt,  iv,  60-^3. 
1880.    Howley,  James  P. 

The  Taconic  of  Eastern  New  Foundland.    Amer.  Oeologist,  iv,  121-125. 
1880.    Walcott,  CD. 

Stratigraphical  position  of  the  OleneUus  Fauna  in  North  America  and  Europe. 
Amer.  Jour.  Sci.,  Ill,  xxxvil,  374-392;  xxxviil,  29-42. 

1889.  D wight,  W.  B. 

Recent  Explorations  in  the  Wappinger  Valley  Limestone,  No.  7.    In  the  Mil- 
lerton-Fishkill  Limestone  Belt;   also  in  a  Belt  near  Rhinebeck.  Amtr.  Jour. 
Sci.,  Ill,  xxxviil,  139-153. 

1890.  Dwight,  W.  B. 

Fossils  of   the  western  Taconic  Limestone,  in  the  eastern  part  of  Dutchess 
county,  N.  Y.    (Announcement.)   Amer.  Jour,  Set.,  Ill,  xxxlx,  71. 
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DOUGLASS  HOUGHTON. 

1S31,  Dr.  HoQghton's  earliest  record  in  respect  to  the  rocks  of 
Michigan  is  found  in  his  report  to  the  Secretary  of  War 
as  Botanist  of  Schoolcraft's  Expedition.*  Speaking  of  the  copper 
of  lake  Superior,  he  says:  *' After  having  duly  coLsidered  the 
facts  which  are  here  presented,  I  would  not  hesitate  to  offer  as  an 
opinion  that  the  trap  rock  formation  was  the  original  source  of  the 
masses  of  copper  which  have  been  observed  in  the  country  border- 
ing on  Lake  Superior ;  and  that  at  the  present  day,  examinations 
for  the  ores  of  copper  could  not  be  made  in  that  country  with 
hopes  of  success;  except  in  the  trap  rock  itself  ;  which  rock  is  not 
certainly  known  to  exist  in  any  place  upon  lake  Superior  other  than 
Kewena  point"  This  opinion  on  the  source  of  the  native  copper 
he  had  subsequently  abundant  opportunity  to  confirm,  though  op- 
posed by  much  scientific  iDcredulity. 

1840.  In  his  Third  Annual  Beport  on  the  geology  of  Michigan) 
dated  February  3,  1840,  summarizing  observations  of  1839,  Dr* 
Houghton  treats  of  the  "Upper  Peninsula."  Under  the  head  of 
**  General  Geology  of  the  South  and  Southeasterly  Part  of  the  Up- 
per Peninsula,"  f  after  describing  the  distribution  of  the  **  Primary 
rocks"  in  Michigan,  he  says  :  '*  The  immense  Primary  region  of 
which  the  line  described  may  be  considered  as  it  were,  a  single 
point,  stretches  nearly  continuously,  many  hundred  miles  north- 
westerly, skirting  a  portion  of  the  shores  of  lake  Superior,  and  in 
conjunction  with  the  trap  rocks,  constituting  the  highlands  between 
that  lake  and  lake  of  the  Woods.  From  these  highlands  it  stretches 
a  little  east  of  lake  Winnipeg,  far  to  the  northwest,  finally  consti- 
tuting the  immense  "barren  grounds"  of  the  British  Possessions. 
It  is  also  well  known  that  this  range  of  primary  rocks  stretches  in 
an  easterly  direction  through  the  interior  of  the  upper  province  of 
Canada"  (p.  11). 

This  is  the  earliest  general  location  of  the  eastern  nucleus  of  the 
continent. 

1900.    Marcou.  J. 

The  Lower  and  Middle  Taconlo  of  Europe  and  Nortb  America.    Amcr.  QtfAo' 
fftet,  V,  357-375;  vl,  78-102,  223-233. 
1800.    Wluchell,  N.  H.  and  II.  V.  Wlnchell. 

The  Taconlo  Ores  of  Minnesota  and  Western  New  England.    Read  before  the 
Geological  Society  of  America,  Aug.  19.    Amer.  Owl.  Nov.  1800. 
IHOO.    Wlnchell.  N.  H. 

What  Constitutes  the  Taconic  Mountains?    Read  before  See.  £1.  Amer.  Assoo. 
Adv.  Scl.,  Auk.  22, 1890       Amer.  Oeol.,  vi,  247. 

*5ov.  U,  1831.    Also  Henry  R.  Schoolcraft,  DitMMoeryof  the  Source  of  the  Mississippi 
New  York.  1834,  pp.  287-202. 

^SetiaU  Document  No.  8. 1840,  p.  10. 
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Some  further  but  disconnected  quotations  will  be  introduced. 

**  On  the  mainland  at  these  *  narrows '  [the  place  where  the  cur- 
rent of  Ste.  Marie's  river  meets  the  slack- water  of  lake  Huron  J 
and  extending  for  several  miles,  the  knobs  are  composed  of  com- 
pact greenstone,  occasionally  partaking  of  a  sub-slaty  character, 
and  under  which  circumstances,  the  rock  bears  a  close  analogy  to 
some  of  the  varieties  of  primary  argillite." 

"  On  the  northern  part  of  the  island  of  St.  Joseph,  a  fraction  of 
the  southeastern  part  of  Sugar  island,  and  a  portion  of  the 
main  land  on  the  east,  the  place  of  the  hornblende  rock  is  supplied 
by  granular  quartz  rock,  usually  white,  but  sometimes  passing  to  a 
reddish  or  deep  red  color." 

"In  the  range  of  hills  bounding  the  easterly  side  of  Great  Lake 
George,  talcose  slate  was  observed,  but  to  what  extent  it  exists  I  am 
unable  to  say"  (p.  13).* 

It  appears  that  Dr.  Houghton's  conception  of  "Primary  rocks" 
was  rather  broad.  The  granular  quartz  rock  mentioned  is  now 
known  to  be  a  westward  extension  of  the  "Huronian"  quartzites 
of  the  Thessalon  valley  in  Canada.  The  "talcose  slate"  on  the 
other  hand,  probably  belongs  to  the  Marquette  iron-bearing  series 
which  by  the  present  writer  has  been  suggested  to  be  an  older  sys- 
tem than  the  Huronian.  It  is  worthy  of  note  ako,  that  Dr.  Hough- 
ton reports  the  "  Lake  Superior  sandstone  "  as  resting  "  against  and 
upon  the  Primary  range  of  the  Ste.  Marie's  river."  That  is,  at  one 
point  the  "talcose  slates  "  (Marquette  series)  rest  in  contact  with 
the  gneisses  ;  at  another,  the  overlying  quartzyte  (Huronian)  ex- 
tends over  to  the  gneiss  ;  and  at  another,  the  still  hic;her  sandstone 
(PalsBozoic)  reaches  over  to  the  gneiss.  Thus,  it  is  unsafe  to  con- 
clude that  the  formation  resting  on  the  gneiss  at  any  particular 
spot  is  the  one  historically  next  in  order  of  age. 

1841,  In  his  report  for  the  following  year,  f  be  continues  his 
description  of  the  Northern  Peninsula.  His  conception  of  Primary 
rocks  appears  more  restricted,  for  he  says  they  "are  chiefly  granite, 
syenite  and  syenite  granites."  (p.  15.)  After  describing  the  vast 
development  of  "Trap  Rocks,"  he  recognizes  a  group  designated 
"Metamorphic  Rocks."  **Flanking  the  Primary  rocks  on  the  south," 
he  says,  "is  a  series  of  stratified  rocks  consisting  of  talcose,  mica 

•In  view  of  the  recent  extensive  employment  of  *'  field  stones  '*  in  some  parts  of  the 
state,  in  tbe  walls  of  substantial  structures,  the  following  quotation  from  this  report 
possesses  Interest:  "In  the  immediate  vicinity  of  the  surveyed  line  of  the  Ste. 
Marie's  canal,  transported  masses  of  granite,  hornblende,  sienit*  and  quartz  rocks 
abound,  and  they  may  be  economically  employed  for  the  construction  of  the  proposed 
locks,  and  will  make  an  enduring  structure."  <p.  15). 

tSenate  Document  No.  16,  1S41. 
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and  clay  slates,  slaty  hornblende  rook  and  quartz  rock;  the  latter 
rock  constitnting  by  far  the  largest  proportion  of  the  whole  group." 
These  represent  the  group  of  rocks  in  the  Menominee  region,  which 
Dr.  Emmons  so  eagerly  accepted  as  representatives  of  the  Taconio 
system  in  Michigan. 

The  following  is  an  interesting  early  notice  of  the  mode  of -oc- 
ourrence  of  serpantine.  "In  traversing  the  country  southeasterly 
from  Little  Presqu'  ile,  the  point  referred  to  as  the  most  south- 
easterly prolongation  of  the  granite,  this  last  rock  passes  almost  in- 
sensibly into  a  serpentine  rock*  which  has  a  regular  jointed 
structure,  sometimes  approaching  to  stratification;  continuing  in 
the  same  direction,  we  find  a  series  of  hornblende  slates,  talcose, 
mica  and  clay  slates,  resting  against  the  serpentine  rocks;  and  still 
farther  to  the  southeast,  the  rock  becomes  almost  uniformly  quartz. 
The  rocks  of  this  group  dip  irregularly  to  the  south  and  southeast, 
while  the  cleavage  of  the  slate  is  very  uniformly  to  the  north," 

(p.  17.) 
A  gradual  passage  from  granite  to  "greenstone"  is  noted   as 

follows:  "As  we  proceed  northwesterly  from  the  southeast  bound- 
ary of  the  Primary,  over  the  several  broken  ranges  of  hills,  we 
find  the  character  of  the  rooks  in  mass  almost  imperceptibly 
changing.  The  quartz  as  a  mineral  gradually  forms  a  less  import- 
ant part,  and  it  finally  almost  wholly  disappears,  leaving  a  binary 
compound  of  feldspar  and  hornblende,  which  then  assumes  a 
granular  structure,  constituting  greenstone.  The  intermediate  rock 
between  the  syenite  and  greenstone  ranges  may  not  inappropriate- 
ly  be  called  a  syenitic  greenstone,"  (p.  23. ) 

The  granitic  rocks  are  intersected  by  dikes  which  can  be  traced 
continuously  and  with  increasing  abundance,  into  the  greenstone 
masses,  showing  the  granitic  ranges  to  be  the  oldest  (p.  24). 

In  reference  to  amygdaloids  he  says:  "I  am  disposed  to  refer 
the  origin  of  much  of  the  amygdaloid  rock  to  the  fusion  of  the  lower 
portion  of  the  sedimentary  rocks  referred  to,  for  the  reason 
that  as  we  pass  south  from  the  junction  [receding  from  the  sedi- 
mentary rocks]  the  amygdaloid  rocks  wholly  disappear,  their  places 
being  supplied  by  greenstone;  and  again,  so  intimately  are  they 
blended  that  it  is  frequently  impossible  to  determine  where  the 
amygdaloid  ceases  and  the  upper  sedimentary  rocka  commence. 
Fragments  of  the  sedimentary  rocks,  the  characters  of  which  can  be 
clearly  recognized,  are  not  of  rare  occurrence,  imbedded 
in  the  amygdaloid  rock,  a  circumstance  which,  although   by  no 

♦The  curious  history  of  opinion  concernlujr  this  much  discusst^d  rock  Is  I'ompiU'd  by 
Dr.  Wadsworth  In  Bull.  Mas,  Comp.  Zool.,  Geol.  Sories,  I.  pp.  «»-65. 
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means  concluBive,  should  not  be  overlooked  in  considering  the  sab- 
ject"  (pp.  27  and  28). 

Of  the  conglomerate  rock  he  says:  "It  may  withoat  donbt  be 
considered  as  a  trap  toff,  which  was  gradually  deposited  or  accu- 
mulated around  the  several  conical  knobs  of  trap  during  their 
gradual  elevation"  ( p.  33 ).  It  is  very  variable  in  thickness.  There 
is  "scarcely  a  pebble  of  any  other  rock  than  trap."  They  are  ce- 
mented by  "a  mixed  calcareous  and  argillaceous  cement  more  or 
less  colored  by  iron,  an()  exceedingly  firm.  The  conglomerate  is 
""imperfectly  stratified  in  masses  of  immense  thickness,*'  in  its 
maximum  a  little  east  of  Montreal  river,  estimated  at  5,260  feet, 
{pp.  34,  35). 

The  formation  described  as  "mixed  conglomerate  and  sandrock" 
"is  made  up  of  an  alternating  series  of  conglomerate  and  red  sand- 
stones which  rest  conformably  bn  the  conglomerate  rock  last  de- 
scribed" and  "in  strictness  should  probably  be  considered  as  a 
member  of  the  conglomerate  itself"  (p.  18).  Its  greatest  observed 
thickness  is  4,200  feet.  The  conglomerate  beds  resemble  in  all 
respects  the  underlying  conglomerate,  and  the  intervening  sand- 
stone  beds  are  composed  of  the  same  materials,  but  are  sometimes 
ripple  marked,  ani  were  thus  evidently  deposited  in  shallow  water. 

These  sandstone  beds  are  very  distinct  in  composition  from  the 
^*red"  and**grey"  sandstones  higher  in  the  series"  (pp.  19,  37).* 

It  will  serve  to  convey  an  idea  of  the  extent  of  Dr.  Houghton's 
researches  in  the  Upper  Peninsula  to  state  that  the  Exec,^  Doc^ 
1849-50,  Part  III,  contains  (p.  880),  the  following  among  Hough- 

♦The  "red  sandrock"  associated  with  "shales"  Is  much  more  quartzose  than  the  beds 
Intercalated  with  the  coiifflonierate.    It  attains  a  maximum  thickness  of  6,.'i00  feet. 
**On  the  southeast  side  of  Keweenaw  hay,  near  Its  head,  an  argillaceous  rock  appears" 
^'evidently  embraced  In,  or  rather  may  be  said  to  constitute  a  member  of,  the  sand- 
stone series."    It  is  sometimes,  "in  the  form  of  a  slate,"  though  usually  It  "closely  re- 
sembles Indurated  clay."    It  can  be  cut  with  the  knife,  and  the  Indians  hare  long 
tised  it  as  a  pipestone.    A  similar  rock  appears  at  several  other  points  In  the  interior. 
The.se  slates  are  shown  by  his  notes  of  1H45.  to  pass  under  the  sandstone.]    The  "Up- 
per, or  Grey  Sandrock"  Is  no  part  of  the  Lake  Superior  sandstone.    While  the  latter 
dips  northeasterly,  this  dips  southeasterly,  and  is  conformable  with  the  overlying 
limestones.  The  "Grey  Sandrock"  forms  a  range  of  hills  extending  westward  from  Pt. 
Iroquois  to  the  Pictured  Kocks.  where  they  abut  upon  the  shore  of  the  lake.    It  is 
Dr.  Houghton's  opinion,  therefore,  that  the  Pictured  Rocks  are  a  higher  formation 
than  the  Red  Sandstone,  generally  contemplated  as  the  "Lake  Superior  Sandstone" 
<10,42.)    The  Lake  Superior  sandstone  Dr.  H(nightoh  was  at  first  inclined  to  parallelize 
-with  the  "Old  Red  SandsUme"  {Report.  1Ki8);  but.  in  a  paper  read  before  the  Associa- 
tion of  American  Geologists  In  1M3,  he  assumed  It  as  identical  with  the  "New  Red 
Sandstone"  {Amer.   Jour.  Sci..  xlv,  160.)    Later  he  synchronized  it  with  the  Potsdam 
.sandstone  of  New  York,  and  this  view  was  embodied  in  his  notes  of  IB^  (Tht  Mineral 
Region  of  Lake  Superior,  1846,  by  Jacob  Houghton.)     The  statement  is  contained  in  a 
report  by  Bela  Hubbard— page  118— compiled  from  Dr.  Houghton*s  notes;)  Also.  EJf 
ecutive  Docs.y  li^O-.'W,  pt.  III.  p.  830.    The  same  was  noted  on  the  plats  of  1815.    See  als4> 
the  testimony  of  Foster  and  Whitney,  Report  on  Vie  Geoloay  of  the  Lake  Sup.  Land  DW., 
Pt.  II,  p.  V3S.  and  Proc.  Amer.  A»sttc.  Adv.  Sci.  May,  1851,  p.  23. 
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ton's  results:  1.  ''A  Geological  Map  of  the  Townships  of  the 
Northern  Peninsula  of  Michigan  subdiyided  by  D.  Houghton,  D. 
S.  in  the  year  1845."  (This  covers  Keweenaw  Point.)  2.  "Geolo- 
gical Map  of  Township  Lines  in  the  Northern  Peninsula  of  Mich- 
igan, surveyed  by  Wm.  A.  Burt,  D.  S.  in  the  year  1845,  for  D.  Hough- 
ton, under  said  Houghton's  contract  for  surveys  with  reference  to 
Mines  and  Minerals"  (The  region  on  Little  Bay  de  Noquet  and 
along  the  Escanaba  river  and  to  lake  Superior. )  3.  "Geological 
Map  of  a  District  of  Township  Lines  in  the  Northern  Peninsula  of 
Michigan,  surveyed  by  Wm.  A.  Burt  in  the  year  1846."  (Begion 
between  the  Escanaba  and  Menominee  rivers.)  Also  (p.  896.)  1. 
"Geological  Map  of  a  District  east  and  west  of  the  Ontonagon, 
subdivided  by  Messrs.  Higgins  and  Hubbard  under  a  Contract 
bearing  date  April  23,  1846"  (From  Portage  lake  to  Carp  river.) 
2.  "Geological  Map  of  the  District  subdivided  by  Messrs.  Hub- 
bard and  Ives,  under  Contract  bearing  date  September  7,  1846." 
(The  Begion  from  Presqu'ile  toL'Anse.)  These  six  maps  were 
produced  under  the  system  of  combined  linear  and  geological  sur- 
veys inaugurated  by  Dr.  Houghton.  Thus  nearly  the  whole  of 
the  Upper  Peninsula  had  been  geologically  mapped  before  the 
signing  of  the  contract  with  Foster  and  Whitney,  and  without  in- 
cluding the  results  of  Dr.  Jackson's  survey.  Mr.  Hubbard  gives 
also,  five  handsomely  drawn  sections  from  lake  Superior,  across 
the  country  southward,  besides  five  lithographed  views. 

The  following  is  Dr.  Houghton's  latest  view  of  the  succession  of 
rocks  in  the  Upper  Peninsula  of  Michigan  : 

6.  Upper  or  Gray  Sandstone  (Houghton,  1841,  pp.  19,  41)  not 
conformable  with  next  below. 

6.  Lower  or  Bed  Sandstone  and  Shales  (Houghton,  1841,  pp. 
18,  37).    Identified  with  Potsdam  Sandstone. 

4.  Mixed  Conglomerate  and  sandstone  (Houghton,  1841,  pp. 
18, 35). 

3.     Conglomerate  (Houghton,  1841,  pp.  17,  33). 
r  2.    Metamorphic rocks  (Houghton,  1841,  pp.  16,  31).  Quartzite, 
Argillite,  Talcose  and  Clay  slates.  Mica  slate. 

1.  Primary  rocks  (Houghton,  1841,  pp.  15, 23).  Granite,  Gneiss, 
Syenite  and  Syenitic  Granite. 

Numbers  6  and  5  are  probably  both  representatives  of  the  New 
York  Potsdam.  Numbers  4  and  3  are  the  Eeweenawan  System  of 
Chamberlin  and  Irving,  and  number  2  occupies  the  place  of  the 
Taconic  system  of  Emmons. 
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EDWARD   HITCHCOCK. 

1833.  In  his  Final  Beport  on  the  Geology  of  Massaohusetts,* 
Professor  Edward  Hitchoock  enumerates,  among  others^the  follow- 
ing rocks  or  groups  of  rocks  mineralogically  considered  :  Gray- 
wacke,  Argillaceous  slate.  Limestone,  Scapolite  rock,  Quartz  rock, 
Mica  slate,  Talcose  slate,  Serpentine,  Hornblende  slate,  Gneiss  — 
all  which  are  stratified ;  Greenstone,  Porphyry,  Syenite  and  Gran- 
ite—  which  are  unstratified.  Of  the  Berkshire  limestone,  he 
thinks  a  part  is  "primitive,  in  theWernerian  acceptation  of  the 
term,  for  it  is  interstratified  with  gneiss  and  mica  slate  "  (p.  297). 
But  the  mica  slate  in  its  westward  extension  becomes  clay  slate, 
and  the  limestone  less  crystalline.  Passing  into  New  York,  the 
limestone  assumes  the  character  of  Dewey's  "  transition  limestone." 

"  But  a  singular  anomaly  in  the  superposition  of  the  series  of 
rocks  above  described  presents  a  great  difficulty  in  the  case.  The 
strata  of  these  rocks  almost  uniformly  dip  to  the  east ;  that  is,  the 
newer  rocks  seem  to  crop  out  beneath  the  older  ones,  so  that  the  sac- 
charine limestone  associated  with  the  gneiss  in  the  eastern  part  of 
the  range  seems  to  occupy  the  uppermost  place  in  the  series.  Now, 
as  superposition  is  of  more  value  in  determining  the  relative  ages 
of  rocks  than  mineral  characters,  must  we  not  conclude  that  the 
rocks  as  we  go  westerly  from  Hoosac  mountain,  do  in  fact,  belong 
to  older  groups  ?  The  petrifactions  which  some  of  them  contain, 
and  their  decidedly  fragmentary  [fragmental]  character  will  not 
allow  such  a  supposition  to  be  indulged  in  for  a  moment.  It  is 
impossible  for  a  geologist  to  mistake  the  evidence  which  he  sees  at 
almost  every  step,  that  he  is  passing  from  older  formations,  just  as 
soon  as  he  begins  to  cross  the  valley  of  Berkshire  towards  the 
west  We  are  driven  then,  to  the  alternative  of  supposing  either 
that  there  must  be  a  deception  in  the  apparent  outcrop  of  the  newer 
rocks  from  beneath  the  older,  or  that  the  whole  series  of  strata  has 
been  actually  thrown  over,  so  as  to  bring  the  newest  rocks  at  the 
bottom.  The  latter  supposition  is  so  improbable  that  I  cannot  at 
present  admit  it"  (pp.  297-298).  He  then  supposes  two  uncon- 
formities to  have  been  produced  —  one  at  the  west  base  of  Hoosac 
mountain  between  the  gneiss  and  the  quartz  rock,  and  the  other 
farther  west,  in  the  valley  of  Berkshire.  He  names  some  difficul- 
ties involved  in  the  acceptance  of  such  an  explanation,  but  feels 
compelled  to  adopt  it  provisionally.  Moreover,  he  says,  "I  am 
sustained  in  this  opinion  by  that  of  Dr.  Emmons  of  Williams  Col- 
lege, whose  acateness  of  observation  and  accuracy  of  discrimina- 

♦  Report  on  the  (JeoloRy,  Miiieriil()j?y  and  lU  tany  and  Zoology  of  Massachusetts.   By 
Edward  Hltcheook.    Amhorst,  1833,  Roy.  8-vo,  pp.  700. 
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ed  from  tlie  melting  down  of  other  rocks;  the  fused  mass  having 
cooled  so  slowly  as  to  present  a  confused  crystallization.  It  is  at 
least,  a  probable  supposition,  that  the  rock  out  of  which  it  was 
produced  was  of  mechanical  origin,  and  consequently  stratified. 
Now,  if  the  central  heat  was  not  sufficient  entirely  to  melt  this 
stratified  rock,  yet  it  would  be  powerfully  affected  a  considerable 
distance  upward  from  the  molten  mass.  The  first  in  immediate 
contact  with  the  melted  portion  would  be  partially  fused,  and  hence 
give  origin  to  granitic  gneiss.  Another  portion  might  be  convert- 
ed  into  porphyritic  gneiss;  another,  into  lamellar;  another 
into  schistose,  etc.  All  the  rock,  we  may  suppose  so  near 
the  fiuid  granite,  and  so  long  in  contact  with  it,  before  cooling, 
that  crystalline  would  succeed  to  a  mechanical  arrangement  of  all 
its  ingredients,  without  losing  the  stratified  disposition  (p.  400). 

In  discussing  the  history  of  granite,  professor  Hitchcock  states 
that  he  infers  its  igneous  origin  ''from  the  inclined  position  of  the 
older  stratified  rocks;  from  the  manner  in  which  it  is  intruded 
among  the  stratified  rocks;  from  the  mechanical  effects  which  it 
appears  to  have  exerted  upon  the  stratified  rocks  in  its  immediate 
vicinity;  from  its  chemical  effects  upon  the  surrounding  strata,  and 
from  its  crystalline  structure,  and  the  numerous  crystallizations  of 
other  substances  that  have  taken  place  in  it"  (pp.  509-515). 

1840-1.  The  inversion  of  the  strata  of  the  Appalachian  system 
is  referred  to  again  in  his  Elementary  Geology.*  Speaking  of 
overturned  strata  in  the  Alps,  he  says:  ^ 

'*I  have  no  small  reason  to  believe  that  a  similar  folding  and 
overturning  of  the  strata  have  taken  place  on  a  vast  scale  in  the 
United  States.  Along  the  western  part  of  the  Green  and  Hoosao 
mountains  in  New  England,  occur  interstratified  beds  of  gneiss, 
mica  slate,  taloose  slate,  clay  slate,  limestone  and  older  Silurian 
rocks  which  are  either  perpendicular  or  have  a  high  easterly  dip;  and 
yet  the  oldest  members  of  the  series  are  found  along  the  eastern  side 
of  this  belt,and  the  strata  become  newer  and  newer  as  we  go  westerly ; 
that  is,  the  oldest  rocks  lie  apparently  over  the  newer  ones.  These 
appearances  present  themselves  nearly  the  whole  distance  from  Con- 
necticut river  to  Hudson  river — a  breadth  of  nearly  fifty  miles."  He 
then  describes  the  folding,  overturn  and  denudation  which  would  re- 
sult in  the  present  structure  and  surface  aspects.  ''It  appears  further, 
from  the  Geological  Beports  of  Professors  Mather  on  New  York, 
Henry  D.  Bogers  on  New  Jersey  and  Pennsylvania,  William  B. 
Bogers  on  Virginia,  and  Troost  on  Tennessee,  that  these  same 

*ElemerUary  Oeolnoy.    The  Preface  to  the  first  edltioa  is  dated  August  1, 1810;  that  of 
the  third  edition,  April,  1842.    I  quote* from  the  third,  12mo.,  pp.  zti  352. 


STATE   GEOLOGIST.  95 

rocks  with  similar  inversion  of  their  dip.  occur  in  all  those  states, 
forming  a  considerable  part  of  the  Appalachian  mountains;  and 
that  in  fact,  they  extend  almost  uninterruptedly  from  Canada  to 
Alabama — a  distance  of  nearly  1200  miles;  and  if  the  above  theory 
of  the  folding  and  inversion  of  this  belt  of  rocks  be  correct  in  the 
latitude  of  Massachusetts,  it  is  without  doubt,  true  over  this  vast 
extent  of  country."* 

The  subject  of  inverted  arrangement  of  the  Appalachian  strata 
was  under  careful  consideration  at  this  time,  by  the  brothers 
Bogers,  as  well  as  by  Dr.  Hitchcock.  The  earliest  enunciation  of 
the  conception  of  an  inverted  fold  had  been  made  by  Dr.  Hitch- 
cock in  1833.  His  conception  however,  was  not  identical  with  that 
of  the  brothers  Bogers.  He  spoke  only  of  a  single  anticlinal,  while 
the  Bogers  brothers  saw  a  succession  of  anticlinals  all  tilted  west- 
ward across  the  main  mass  of  the  Appalachians.  In  an  address 
delivered  in  1841,  he  said:t 

"  There  is  no  small  reason  to  believe,  indeed,  that  on  the  western 
side  of  the  continent,  from  Cape  Horn,  to  the  northern  Arctic 
Ocean,  one  vast  anticlinal  axis  exists,  along  the  crest  of  the 
Andes  and  the  Bocky  mountains.  Subordinate  and  perhaps  inter- 
secting systems  of  strata  will  undoubtedly  be  found  along  the  ex- 
tended line,  but  this  appears  to  be  the  grand  controlling,  and 
probably  the  most  recent,  uplift  of  the  continent.  .  .  .  The 
Appalachian  range  of  mountains  forms  another  anticlinal  ridge, 
extending  northeasterly  through  New  England,  and  not  improba- 
bly to  Labrador"  (pp.  264-265). 

In  the  Elementary  Geology  before  quoted.  Dr.  Hitchcock  ampli- 
fies his  defense  of  the  metamorphic  theory  then  recently  intro- 
duced into  geology  by  Alexander  Brongniart.  The  main  points 
stated  are  briefly  these :  1.  It  shows  why,  amid  so  much  evidence 
of  chemical  agency  in  the  formation  of  the  primary  rocks,  there 
is  still  so  much  proof  of  the  operation  of  mechanical  agencies.  2. 
It  shows  why  silicates  predominated  in  the  earlier  periods  of  the 
globe,  and  why  limestone  and  carbon  were  more  abundant  at  the 
later  periods.  3.  It  explains  the  absence  of  organic  remains  in 
the  primary  stratified  rocks.  4.  It  explains,  too,  the  reason  why 
carbon  is  much  less  abundant  in  the  older  than  in  the  newer  rocks. 
5.  It  explains  the  imperceptible  graduation  of  gneiss  into 
granite"  (pp.  259-61).  

*ElemenUtry  Cteology,  pp.  36, 37.  The  subject  is  also  taken  up  in  his  Anniversary  Ad- 
dress (olted  below,)  p.  268. 

t  First  Anniversary  Address  Before  the  Association  of  American  Geologists  at  their 
Second  Annual  Meeting  in  Philadelphia,  April  5, 1841.  Amer,  Jour,  5e<.,  vol.  xli,  pp. 
232-275. 
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In  the  Anniversary  Address  from  which  I  have  qaoted.  Dr. 
Hitchcock  considers  briefly  the  origin  of  dolomytes  : 

''As  to  that  portion  of  this  field  [of  dolomite  and  dolomitio 
limestones]  which  has  fallen  under  my  observation,  I  find  that  with 
one  or  two  unimportant  exceptions,  all  the  cases  of  dolomitized 
limestone  occur  either  in  the  vicinity  of  a  fault  or  of  unstratified 
rocks,  or  of  the  oldest  gneiss.  The  pure  dolomite  is  usually  found 
where  there  is  reason  to  believe  extensive  dislocations  of  the  strata 
occur ;  and  the  marks  of  stratification  in  the  limestone  disappear 
nearly  in  proportion  to  the  amount  of  magnesia  which  it  contains, 
so  that  the  pure  dolomite  shows  scarcely  any  traces  of  it.  I  doubt 
not  that  similar  conclusions  will  follow  an  examination  of  other 
parts  of  this  deposit,  so  remarkably  uniform  in  the  geology  of  this 
continent ;  —  and  moreover,  these  conclusions  correspond  to  the 
history  of  dolomitization  in  Europe.  They  seem  to  render  proba- 
ble the  theory  of  sublimation  from  the  interior  of  the  earth."* 

1859.  In  the  Final  Beport  of  the  Geology  of  Vermont,t  Dr. 
Hitchcock,  who  assumed  the  responsibility,  as  he  tells  us,  though 
most  of  the  field  work  was  done  by  others,  takes  up  early  in  the  re- 
port, the  subject  of  ''The  Metamorphism  of  Bocks"  (p.  22).  In  the 
following  language  he  sets  forth  his  general  conception  of  the 
modus  operandi  of  hypogeal  metamorphism. 

"  If  the  globe  was  once  in  a  molten  state,  the  crust  which  first 
formed  over  its  surface  must  have  been  some  kind  of  unstratified 
rock.  When  it  became  coal  enough  to  allow  water  to  condense  on 
the  surface  and  form  oceans,  the  waves  would  wear  away  portions 
of  the  rock,  and  deposit  the  fragments  in  the  form  of  gravel,  sand 
and  clays.  These  by  the  action  of  internal  heat  might  be  hard- 
ened, and  become  conglomerates,  sandstones  and  shales.  If  new 
beds  of  materials  should  be  thrown  upon  these  strata  it  would  cause 
the  internal  heat  to  penetrate  further  upward  into  the  conglomer- 
ates, sandstones  and  shales,  and,  by  the  help  of  water,  render  the 
rocks  plastic  and  convert  them  from  mechanical  into  crystalline 
rocks,  without  destroying  the  planes  of  stratification,  though  gen- 
erally obliterating  all  traces  of  organic  structures  which  they  might 
have  contained,  and  changing  the  laminated  structure  into  foliation 
and  cleavage.  After  all  this,  water  may  have  acted  mechanically 
on  these  strata,  wearing  them  away,  and  forming  other  deposits  of 
puddingstones,  sandstones  and  shales.     Meanwhile  also,  the  inter- 

*Amer.  Jour.  Scl.,  xli.  240. 

iReport  on  the  Gtoloffu  of  Vermont^  Descriptive,  Theoretical^Ecorwmieal  aiid  ScenograpMcal, 
By  Edward  Hitchcock,  Edward  Hitchcock,  Jr.,  Albert  D.  Hager,  Oharles  H.  Hitchcock. 
2  vols.  4to.  Claremont,  N.  H.,  1861.  The  preface  Is  written  by  Dr.  E.  Hitchcock,  and 
dated  Oct.  1, 1850.  and  Oct.  2, 1800. 
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nal  heat  working  farther  upward,  as  it  certainly  would  by  the  aoca- 
molation  of  new  beds  of  detritas,  might  melt  over  the  lower  beds 
of  the  strata,  oonverting  them  into  unstratified  rocL  And  thus 
might  the  same  materials  have  been  subjeot  to  repeated  and  most 
thorough  metamorphosis"  (p.  22). 

The  writer  then  proceeds  to  an  account  of  the  '*agents  of  meta- 
morphism/'  heat  and  water,  recalling  the  well  known  results  of 
experiments  and  reasoning,  and  treats  with  considerable  detail  the 
evidences  of  *'a  former  plastic  condition  of  the  rocks'".  He  cites 
numerous  observations,  showing  that  rocks  and  rock-con- 
stituents must  have  bBen  reduced  to  a  plastic  or  semi-plastic 
condition,  subsequent  to  their  original  consolidation,  and  so 
continued  for  a  great  length  of  time",  In  this  connection  he  cites 
numerous  instances  of  pebbles  which  have  been  elongated  and 
flattened — some  even  at  length  being  ''converted  into  the  silicious 
folia  of  schists,  and  the  cement  into  mica,  talc  and  feldspar".  He 
refers  to  the  pebbles  near  Newport,  Bhode  Island;  others  at  inter- 
vals along  the  western  side  of  the  Green  mountains,  and  especially 
a  locality  in  Plymouth,  Vermont,  where  pebbles  occur  under  such 
forms  as  to  indicate  a  state  of  plasticity.  In  Wallingford  the  beds 
of  conglomerate  thus  altered  alternate  with  beds  of  talcose  and 
mica  schist  (pp.  28-38,  476).  Home  of  the  facts  point  toward  the 
inference  that  schists  and  gneisses  even  may  have  originated  from 
the  extreme  flattening  and  elongation  of  the  pebbles  of  an  original 
conglomerate,  though  as  a  fact,  pebbles  had  not  at  that  date  been 
found  actually  occurring  in  gneiss.  Dr.  Hitchcock  expects  that 
Buch  views  would  "be  pronounced  prei>osterou8  by  able  geologists**'. 
In  a  syenitic  rock,  however,  found  in  Vermont  and  Massachusetts, 
undoubted  pebbles  had  been  observed.  Other  facts  have  been 
noted  by  the  writer:  See,  Conglomerates  enclosed  in  Gneissic 
Terranes,  Amer.  Oeologist,  iii.  153-165;  256-261;  Sixteenth  Ann. 
Rep,,  Minn.  pp.  218-222,  334.    He  says: 

"We  define  this  rock  as  a  conglomerate  with  a  cement  of  syenite 
or  granite,  or  as  a  syenite  or  granite  with  pebbles  in  it,  sometimes 
thickly  and  sometimes  sparsely  disseminated".  •  .  .  "These  facts 
certainly  give  great  plausibility  to  the  view  which  supposes  granite 
and  syenite  to  be  often  the  result  of  the  metamorphosis  of  strati- 
fied rocks"  (pp.  40,  41;  ii,  665,  566.*) 

In  connection  with  the  discussion  of  metamorphism  the  writer 

*Dr.  Hitchcock's expectatioD  lias  found  fulflllmeut  In  the  dissent  recorded  by  Dr.  M. 
E.  Wads  worth  B%M.  Mtm.  Comp.  Zool,,  Geolog.  Series,  1;  B.  S.  Lyman,  Proe.  Amer, 
^88oe.  Adv.  Sci.  18S6,  p.  83. 

*See  W.  B.  Rogers*  views  In  opposition  to  those  of  Hitchcock  stated  In  Proe.  Bos.  Soe. 
Nat.  Hist.  1861  and  Amer.  Jour.  Sci.,  II,  xxzi,  440-442,  May.  1861. 
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reminds  ns  of  an  inference  which  is  too  obvious  to  have  fallen  inta 
such  general  forgetfalnesa    He  says: 

"Metamorphism  shows  ns  that  the  earliest  formed  rocks  on  the 
globe  may  have  all  disappeared.  None  of  the  first  formed  crnst 
may  remain.  Or,  if  any  of  it  is  left,  it  would  be  impossible  to  dis- 
tinguish it  from  subsequent  formations.  So  that  the  idea  of  a 
primary  gianite  or  any' other  rock,  in  the  strict  sense  of  the  term, 
has  no  foundation  in  nature"  (p.  47.) 

In  close  connection  with  this  subject,  we  cite  some  passages  from 
another  chapter,  touching  the  nature  of  foliation.  Speaking  of  the 
gneissic  rocks  of  Vermont,  he  says:  *'In  certain  districts  the 
strata  are  exceedingly  contorted,  and  the  average  dip  and  strike 
are  the  ones  that  we  recorded.  There  is  not  a  square  mile  of  this 
rock  in  the  State  where  there  are  not  more  or  less  of  these  irregu- 
larities. In  a  few  instances,  the  difficulty  of  ascertaining  the  true 
position  is  so  great  that  we  have  not  attempted  it" 

After  illustrating  a  striking  particular  instance  of  these  contor- 
tions, he  concludes: 

"This  state  of  things  suggests  two  important  topics:  Firsts  Do 
not  these  contortions  prove  that  the  layers  that  have  suffered  this 
twisting  are  the  strata,  and  not  the  bedding  of  cleavage  or  folia- 
tion? For  the  beds  between  cleavage  planes  are  rarely  contorted 
The  strata  may  be  contorted  while  the  cleavage  planes  cross  them 
with  perfect  regularity.  In  fact,  the  cleavage  does  not  appear  to 
have  been  produced  until  the  strata  had  been  quietly  settled  into 
their  present  positions,  as  a  general  thing."  The  second  topic  re- 
lates to  the  effect  of  contortion  on  calculation  of  thickness  of  ter- 
ranes*. 

Speaking  of  the  position  of  the  "red  sandrock"  of  northern  Ver- 
mont,", regarded  by  Emmons  as  belonging  to  the  age  of  the  Pots- 
dam and  Calciferous,  Dr.  Hitchcock  says: 

'*  Without  an  exception,  it  rests  upon  the  Hudson  River  group. 
The  stratigraphical  evidence  goes  to  show  that  the  red  sandrock 
is  of  the  age  of  the  Medina  sandstone  or  Oneida  conglomerate. 
This  was  the  original  view  of  Dr .Emmons,  and  has  since  been  sus- 
tained by  Professors  C.  B.  Adams,  W.  B.  Bogersf  and  W.  E. 
Logan.  It  is  certainly  an  objection  to  this  view  that  the  charac- 
teristic fucoid,  Arthrophycua  Harlani,  of  the  Medina  sandstone 


♦Geology  of  Vermont,  p.  618. 

tA  communloation  is  cited  from  W.  B.  Rogers,  which  is  said  to  have  been  prepared 
for  the  ArMT.  Assoc,  at  Albany  in  1851.  but  not  published,  in  which  this  view  is  argued 
(OtoL  VU  p.  326.)  This  view  of  Dr.  Hitchcock,  he  states  later  in  his  Report,  (p.  48S)  **haft 
now  been  changed." 
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has  never  been  f onnd  in  it."  ( p.  340, )  Compare  A.  D.  Hager's 
description  of  "Red  Sandrook  mountains,"  (ii,  875.) 

In  reference  to  the  "Qaartz  rook"  of  the  older  geologists — the- 
"Granular  quartz,"  of  Emmons,  the  "Potsdam  sandstone"  of  the 
brothers  Rogers,  of  Hall  and  later  geologists,  Dr.  Hitchcock  pres- 
ents no  facts  decisive  of  the  question  of  its  position.  As  to  the 
"Georgitf"  slate"— the  "Black  slate"  ard  '*Taconic  elate"  of  Emmons 
— the  "Hudson  River  group"  of  Hall — the  "upper  part  of  the  Hud- 
son River  group,  or  a  distinct  group  above  the  Hudson  River 
group"  on  the  authority  of  Sir  William  Logan — a  "primordial" 
terrane,  as  determined  by  Barrande — Dr.  Hitchcock  has  no  de- 
cisive facts  to  offer.  He  recites  the  principal  data  touching  the 
lithological  and  stratigraphic  characters  of  the  group,  and  ac- 
quiesces in  the  verdict  then  recently  rendered  by  Hall  and  Logan 
in  reference  to  the  geologic  age,  expressly  disagreeing  with 
Emmons  in  regard  to  any  unconformity  between  the  "Georgia 
slates"  and  the  "red  sandrock." 

The  "Stockbridge  limestone"  of  Emmons,  Adams  and  Thompson 
is  christened  "Eolian  limestone"  (from  Mt.  Eolus,  or  Dorset 
mountain).  This  is  the  "Granular  limestone"  of  Dewey,  and  "met- 
amorphic  Trenton  limestone"  of  Rogers,  Logan  and  Hunt.  The 
"Sparry  limestone"  of  Emmons  is  included  in  it.  As  to  their  geo- 
logical i>osition.  Dr.  Hitchcock  says:  "We  incline  to  the  opinion 
that  they  must  probably  be  placed  as  high  as  that  [the  Corniferous] 
formation,  or  as  low  as  the  Lower  Silurian,  to  which  last  position 
Mr.  T.  S.  Hunt  assigns  them.  Either  position  abounds  with  diffi- 
culties, and  we  are  hardly  prepared  to  choose  between  them,"  (p. 
4:21).  He  has  changed  his  view  in  reference  to  dolomitization.  He 
says: 

"The  old  notions  that  it  has  been  done  by  igneous  fusion,  or  by 
the  sublimation  of  carbonate  of  magnesia  do  not  all  satisfy  the 
facts  as  we  now  understand  them,"  (p.  424).  He  then  quotes  from 
Bischof  to  the 'effect  that  dolomytes  can  only  be  regarded  as  a  pro- 
duct of  the  alteration  of  limestone  in  the  wet  way  (p.  424). 

The  "Magnesian  slate"  of  Dr.  Emmons,  and  of  Adams  and 
Thompson,  is  described  by  Dr.  Hitchcock  uuder  "Talcoid  schists," 
because  analysis  shows  that  they  are  essentially  aluminous  (p.  426). 
He  regards  them  as  probably  newer  than  the  Eolian  limestone  (p. 
433). 

The  theory  of  the  metamorphic  origin  of  granites  gains  strength 
in  the  mind  of  the  author,  and  he  returns  to  it  with  new  thoughts 
and  new  supports.    He  points  out  the  improbable  assumptions  of 

-8 
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the  theory  of  molten  granitio  protrasious,  save  in  an  exceptional 
way,  (ii.  pp.  572,  573),  and  enforces  the  arguments  for  aqoeo-ifi^ne- 
ous  fusion  of  pre-existing  rocks  as  the  most  probable  origin  of 
granites  (ii.,  574-6).  He  maintains,  1.  The  accepted  theory  of 
igneo-aqueous  softening  for  recognized  schistose  rocks  needs  only 
an  extension  in  the  same  direction,  to  apply  to  granitic  rocks.  2. 
The  order  of  solidification  of  the  constituents  of  granite  has  not 
been  that  which  would  have  been  followed  in  a  case  of  cooling  from 
a  state  of  fusion.  3.  The  existence  of  hydrated  simple  minerals, 
or  of  such  as  must  have  been  formed  in  the  wet  way,  or  of  such  as 
would  undergo  partial  or  entire  decomposition,  even  at  a  red  heat, 
is  an  evidence  favoring  the  igneo-aqueous  theory.  4.  The  charac- 
ter of  thin  tortuous  granitic  veins,  instead  of  evincing  molten  fluid- 
ity, seems  more  probably  to  have  resulted  from  a  state  of  solution 
or  softening  in  alkaline  thermal  waters. 

Dr.  Hitchcock  never  made  an  explicit  record  of  his  views  in  re- 
ference to  the  tenability  of  the  Taconic  system  as  a  whole.  He  op- 
posed the  earlier  views  of  Emmons  in  reference  to  a  non-inversion  of 
the  strata  in  western  Massachusetts — though  at  one  time  wavering; 
on  that  subject — and  is  commonly  ranked  with  the  brothers  Rogers 
as  an  opponent  of  Emmons'  claims.  But  Hitchcock's  conception 
of  the  assumed  overturn  was  different  from  that  of  the  brothers 
Rogers;  and  Emmons  yielded  at  last,  to  the  evidence  of  a  folded 
overturn.  In  reference  to  the  position  of  the  ^'red  sandrock"  at 
Highgate  and  elsewhere,  Hitchcock  in  the  earlier  i>ortion  of  his 
Vermont  report,  deferred  to  the  positive  opinion  of  W.  B.  Rogers*, 
and  in  this  respect  was  again  at  variance  with  Emmons,  who  held 

it  to  lie  in  the  position  of  the  Potsdam  sandstone  and  the  Calcifer- 
ous  sandrockf.  As  to  the  Georgia  slates,  which  the  majority  of 
American  geologists  had  pronounced  equivalents  of  the  Hudson 
River  series,  or  newer.  Dr.  Hitchcock  appears  finally  to  waver.  He 
quotes  the  changed  opinions  of  Logan,  and  the  positive  assertions 
of  Barrande,  as  well  as  Hall's  explanations  of  his  positions,  and  as 
to  himself,  confesses  that  he  no  longer  takes  sides — though  ap- 
parently he  admits,  with  Logan,  that  the  Point  Ldvis  rocks  are 
subordinate  to  the  Potsdam,  instead  of  near  the  middle  Silurian. 
But  on  still  later  pages^,  he  compiles  a  resume  of  the  Taconic  sys- 
tem, saying,  '* We  shall  use  the  terms  which  are  employed  by  Prof. 
Emmons,  and  shall  endeavor  to  represent  his  ideas  as  they  are 
published,  as  faithfully  as  though  we  were  the  amanuensis  of  an 

*Proc.  Amer.  Anoe*,  Albany,  1851. 

^American  Geoloffy.  vol.  1,  pt.  11.,  pp.  8B,  128, 1855. 

tVermont  Report,  pp.  434-447. 
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advocate  of  the  Taoonio  system. "  This  epitome,  therefore,  is  not 
compiled  in  a  controversial  spirit.  Moreover,  it  soon  becomes 
manifest  that  some  of  the  reasoning  is  Dr.  Hitchcock's  own;  that 
is,  he  assumes  the  character  of  a  friend  and  advocate.  He  con- 
cludes with  a  statement  of  "presumptions  in  favor  of  the  Taconic 
system":  '^1.  Its  similarity  to  the  Cambrian  system  in  Europe." 
From  this  is  deduced,  ^'2.  A  presumption  that  the  old  doctrine  of 
the  Laurentian  age  of  the  New  England  azoic  rocks  is  correct." 
"3.  The  Taconic  rocks  are  physically  unlike  the  Lower  Silurian." 
'^4,  The  Taconic  system  underlies  the  Lower  Silurian."  "5.  The 
thicknesses  of  the  Taconic  and  Lower  Silurian  rocks  do  not  agree." 
"6.  The  organic  remains  of  the  Taconic  and  Lower  Silurian  rocks 
are  entirely  different  from  one  another." 

HENRY  D.ROGERS. 

1842,  In  their  classic  memoir  ''On  the  Physical  Structure  of 
the  Appalachian  Chain,"*  the  brothers  Bogers  say: 

"At  an  early  period  in  the  geological  surveys  of  New  Jersey  and 
Virginia,  we  were  struck  with  the  great  prevalence  of  the  south- 
easternly  dip  of  the  strata,  throughout  the  portions  of  the  Appa- 
lachian chain  traversing  those  states,  and  recognized  its  depend- 
ence on  the  oblique  or  inverted  folding  of  the  strata.  This  will 
appear  from  the  descriptions  we  have  given  in  our  Annual  Beports 
for  1837  to  1839.  The  important  general  law  of  the  greater  steep- 
ness of  the  dip  on  the  northwestern  than  on  the  southeastern  sides 
of  the  anticlinal  axes,  became  known  to  us  at  the  same  stage  of  our 
inquiries  and  was  first  announced  in  the  Final  Beport  on  the 
geology  of  New  Jersey,  written  in  1839,  and  published  early  in  the 
spring  of  1840"  (p.  481). 

Another  anouncement  of  these  views  was  made  to  the  American 
Philosophical  Society  in  January,  1841.  f 

After  adverting  to  the  statements  of  previous  writers  that  all 
the  strata  between  the  Hoosac  mountain  [Massachusetts]  and  the 
Hudson  river  lie  in  an  inverted  order,  drawings  were  exhibited, 
proving  the  existence  of  numerous  closely  folded  anticlinal  and 
synclinal  axes;  and  the  inference  was  drawn  that  the  inverted  dip 
of  the  rocks  is  a  result  of  a  folding  of  the  beds  at  short  intervals, 
and  not  of  one  general  turning  over  of  the  whole  series,  as  sug- 
gested by  professor  HitchcocL  Subterranean  igneous  action  was 
referred  to  as  having  caused  this  compression  and  folding  of  the 
rocks,  and  its  energy  was  shown  to  have  been  greatest  along  the 

•Trantactions  of  the  Aaaociation  of  American  Geolovists  and  NaturalisUt,  1840, 1841  and  1842 
pp.  474-531. 
fProc,  Amer.  PhiL  Soe.y  Jan.  1, 1841. 
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BerkBhire  valley,  and  the  ridp^es  lying  to  the  east  To  the  same 
agency  was  attributed  the  crystalline  condition  of  the  Berkshire 
marble  and  of  the  associated  schists  and  semi-vitrified  qoartz 
rock —  the  first  being  regarded  as  merely  the  blue  limestone  of  the 
Hudson  valley,  extensively  altered,  and  the  last,  a  highly  altered 
form  of  the  white  sandstone  at  the  base  of  the  Appalachian  forma- 
tions (p.  482). 

Speaking  of  the  character  of  the  flexures  in  the  Hudson  Eiver 
division,  they  say: 

*'In  this  belt  the  flexures  are,  for  the  most  part,  of  the  closely 
folded  type,  and  the  dip  is  almost  invariably  toward  the  southeast* 
the  compressed  and  oblique  plication  of  the  beds  extending  equally 
to  the  hypogene  or  primary  rocks  of  the  mountains  bounding  the 
valley  in  the  east,  and  to  the  lower  formations  of  the  Appalachian 
system  which  occupy  the  valley  itself"  (p.  486). 

'^A  feature  of  frequent  occurrence  in  certain  portions  of  the 
Appalachian  b61t,  is  the  passage  of  an  inverted  flexure  into  a  fault" 
(p.  494).  ^^It  is  an  interesting  general  fact  that  the  space  between 
the  axes,  or,  more  properly,  the  amplitude  of  the  undulations, 
increases  as  we  cross  the  chain  northwestward"  (p.  507). 

1844.  These  views  have  a  bearing  on  the  interpretation  of  the 
structure  occurring  on  the  east  of  the  Hudson  river,  within  the 
geographical  limits  of  the  Taconic  system.  In  the  light  of  them, 
professor  H.  D.  Bogers  used  the  following  lauguage  in  reference 
to  the  proposal  of  Emmons.* 

''The  fixing  of  a  base  for  the  Palaeozoic  rocks  of  the  United  States 
is  a  problem  scarcely  less  difficult  than  that  of  determining  the 
lower  limit  of  the  corresponding  system  of  England,  to  which  the 
admirable  sagacity  of  Sedgwick  has  been  so  usefully  directed.  Do 
we  possess,  in  the  so-called  Taconic  system  of  rocks  lying  to  the 
southeast  of  the  unequivocally  fossiliferous  strata  at  the  base  of 
the  New  York  or  Appalachian  system,  an  independent  mass  of 
formations  of  an  unquestionably  earlier  date,  or  are  these,  on  the 
other  hand,  but  well  known  lower  Appalachian  strata  disguised  by 
some  change  of  mineral  type  and  by  igneous  metamorphosis? 
These  Taconic  rocks,  under  the  form  they  assume  along  the  east- 
ern boundary  of  New  York  and  the  western  side  of  Vermont  and 
Massachusetts,  have  been  carefully  studied  by  Emmons,  Hitch- 
cock and  Mather;  all  of  whom  appear  to  have  arrived  at  different 
conclusions  concerning  them.f    .  .  .    Professor  Emmons  considers 

*Amer.  Jour.  Sd.  xlvli.  160.  Oct.,  1844. 

tProfessor  Mather's  ooncluslons  are  embodied  In  the  preface  to  th^  report  on  the 
Otology  of  the  First  District  of  New  York,  1843,  p.  vlli.    Referring  to  the  views  of  the  pro- 
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the  grapular  quartz,  slate  and  limestone  of  the  Taconic  hills  and 
the  Stookbridge  valley  as  constituting  a  distinct  group  of  strata. 
.  .  .  His  principal  argument  in  defense  of  this  view  is,  that  the 
order  of  succession  of  the  component  members  of  the  group  is 
essentially  different  from  that  witnessed  in  the  sandstone,  lime- 
stone and  slate  of  the  Champlain  division,  and  he  denies  that  the 
theory  of  plication  of  the  beds,  advanced  originally  by  myself  and 
my  brother,  and  applied  to  this  very  region,  can  reconcile  the 
seeming  want  of  agreement.  Now  it  is  true  that  the  apparent 
order  of  superposition  in  the  Taconic  belt  is  in  discrepancy  with 
the  well  known  succession  of  the  Champlain  formations,  but  this 
is  precisely  what  should  arise  from  the  introduction  of  those  com- 
plete folds  or  doublings  together  of  the  strata  which  we  have  con- 
ceived to  exist;  and  I  would  add  that  the  sections  furnished  by 
professor  Emmons  and  professor  Mather  in  their  reports,  if  re- 
solved by  the  introduction  of  the  flexures  supposed  by  us,  will  all 
of  them  display,  for  their  western  portions  at  least,  the  normal 
order  of  superposition  of  the  Champlain  rocks.  This  identity  of 
the  so-named  Taconic  System  with  the  formations  of  the  Hudson 
and  Champlain  valley  was  announced  by  my  brother  and  myself, 
in  the  beginning  of  1841,  to  the  American  Philosophical  Society. 
By  the  aid  of  a  section  from  Stockbridge  towards  the  Hudson 
river,  we  showed  the  existence  of  numerous  close  anticlinal  folds, 
and  thus  explained  the  apparent  inversion  of  the  dip,  which  other 
geologists  had  ascribed  to  one  general  overturning  of  the  whole 
series.  The  plication  was  shown  to  be  greater  along  the  Berkshire 
valley  and  the  ridges  west;  the  granular  Berkshire  marble  was 
identified  with  the  blue  limestone  of  the  Hudson  valley,  but  meta- 
morphosed by  heat,  and  the  associate  micaceous,  talcose  and  other 
schists  were  referred,  in  the  language  of  the  communication,  to 
the  slates  of  the  formation  of  the  Appalachian  syatem;  while  the 

feAsors  UoKors,  he  sayH:  *'I  concur  with  them  in  this  opinion.  My  own  observations  on 
these  roclvs  (from  the  lloosacinountuin  to  tlic  Hudson)  and  those  of  tlie  Hudson  valley. 
c*)nduct<'d  with  much  care  throujfhout  their  wliole  extent,  in  New  Yorl«.  and  in  Ver- 
mont and  Massachusetts,  through  a  series  of  years,  have  led  me  to  the  conclusion  that 
they  are  nietamorpliic.  and  of  tlie  age  of  tlie  Champlain  division:  tliat  they  are  the 
altered  limestones,  slates  and  sandstones  of  that  division  .  .  .  The  white  limestone 
containing  plumbago  and  various  crystallized  minerals  is  another  p<iint  on  which  there 
are  various  views.  I  have  come  to  the  conclusion  that  it  is  metamorphic,  but  in  more 
highly  metamorphic  state  than  the  dolomitic  limestones  of  the  Taconic  nx-ks." 

Chapter  vll.,  however  (pp.  4-*2-4:w>,  is  devoted  to  the  "Taconic  System".  But,  at  the 
end,  professor  Mather  remarks:  "It  will  ])e  observed  by  those  who  have  read  the  pre- 
ceding details  in  regard  to  the  Champlain  Division  and  the  Taconic  System,  that  they 
are  considered  to  be  the  same  rcK'ks,  the  latter  somewhat  modified  in  character  by 
metamorphic  agency"  (p.  4:JH). 

In  the  chapter  on  Metamorphic  Rocks,  he  says:  "In  describing  the  Taconic  rocks 
separately,  I  have  yieldtKl  to  the  opinion  of  some  of  my  colleagues  who  have  consid- 
ered them  a.s  interposed  between  the  Champlain  Division  and  the  Primary,  lean 
discover  no  evidence  of  any  such  interposition  ..."  (p.  44')). 
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semi-yitreoas  quartz  rock  of  the  western  part  of  the  Hoosac  moun- 
tains  was  stated  to  be  nothing  else  than  the  white  saodstone  (Pots- 
dam sandstone)  of  the  same  series  slightly  altered.  .  .  .  It  is  true 
Professor  Emmons  has  presented  in  his  report,  a  series  of  sections 
of  the  strata  exhibiting  an  unconformity  at  the  passage  of  his 
Taconio  into  the  rooks  of  the  Champlain  division,  but  I  must  take 
the  liberty  of  expressing  my  disbelief  of  the  existence  of  any  snch 
unconformity,  and  of  observing  that,  in  the  prolongation  south- 
westward  of  this  altered  and  pJicated  belt,  as  far  as  the  termination 
of  the  Blue  Bidge  in  Georgia,  a  distance  of  one  thousand  miles,  no 
interruption  of  the  general  conformity  of  the  strata  has  ever  met 
the  observation  of  my  brother  or  myself," 

"  It  would  appear  thus,  that  the  Potsdam  sandstone  forms 
the  base  of  the  Palaeozoic  strata  in  the  latitude  of  lake  Champlain, 
or  at  least  in  the  region  of  the  lake  and  the  Mohawk  river"  (pp. 
151-152). 

Professor  Bogers  adds  some  suggestions  which  in  the  light  of 
later  palsBontological  developments,  must  be  regarded  propheti& 

*'Is  this  formation,  then,  the  lowest  limit  of  our  Appalachian 
PalsBozoic  masses  generally,  or  is  the  system  expanded  downwards 
in  other  districts  by  the  introduction  beneath,  of  other  conforma- 
ble sedimentary  rocks  ?  From  the  Susquehannah  river  southwest- 
ward,  a  much  more  complex  series  of  strata  comes  in  below  the 
bottom  of  the  lowest  limestone,  than  is  anywhere  seen  northeast 
of  the  Schuylkill.  In  some  portions  of  the  Blue  Bidge  belt  there 
are  at  least  four  independent,  and  often  very  thick  deposits  consti- 
tuting one  general  group,  in  which  the  Potsdam,  a  white  sandstone, 
is  the  second  in  descending  order.  The  uppermost  of  these  is  an 
arenaceous  and  ferriferous  slate,  many  hundred  feet  thick,  in  which 
the  only  fossil  is  a  peculiar  fucoid.  Beneath  this  lies  the  Potsdam 
sandstone,  and  under  this  again,  a  mass  of  coarse  sandy  slate  and 
flctggy  sandstone,  amounting  sometimes  to  six  or  seven  hundred 
feet,  below  which  occurs  in  Virginia  and  East  Tennessee,*  a  series 
of  heterogeneous  conglomerates.  Neither  of  the  two  lowest  of 
these  masses  has  yet  rewarded  research  with  a  single  fossil "  ( p. 
152). 

*  Professor  Safford  in  his  admirable  digest  of  the  "Qeoloffu  of  Tennessee''  (pp.  151, 138 
182)  described  the  Potsdam  group  as  composed  of :  2c.  The  Knox  Group  of  Shales 
Dolomites  and  Limestones  ;  2b.  The  Chilhowee  Sandstone  (Potsdam  proper ;)  2a.  The 
Ocoee  Conglomerate  and  Slates  (Eozolc).  Below  these  are  the  metamorphlc  rooks, 
gneiss,  mica  slate,  syenite  and  ohloritlc  slates.  Dr.  Safford  says  ;  *'The  metamorphtc 
beds  together  with  those  of  other  groups  that  are  adjacent  or  neighboring,  all  appear 
to  follow  the  same  law  of  dip  and  strike.  The  dip  is,  in  the  main,  at  a  high  anicle 
to  the  southeast.  .  .  .  They  all  apparently  belong  to  the  same  system  of  upheav- 
als. .  .  .  With  reference  to  age,  I  have  no  reason  for  believing  that  the  group 
within  Tenneseo  includes  the  metamorphosed  beds  of  any  formation  of  more  reoent 
date  than  the  Ocoee  conglomerate  and  shales  "  (p.  177) . 
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"Adjoining  this  great  mass  of  arenaceous  strata  toward  the 
southeast  we  find  throughout  muoh  of  the  broad  belt  of  the  Blue 
Bidge,  especially  in  its  prolongation  southwestward  from  the  Po- 
tomac»  a  wide  expansion  of  metamorphic  strata  intersected  by  in- 
numerable veins  and  dykes  of  greenstone  and  other  igneous  ma- 
terials, and  displaying  almost  every  grade  and  variety  of  alterna- 
tion in  texture  and  mineral  contents.  These,  after  long  and  care- 
ful observation,  we  have  been  led  to  consider  as  a  group  of  sedi- 
mentary beds,  still  older  than  the  preceding,  but  forming  a  part  of 
one  and  the  same  unbroken  series.  Thus,  then,  in  the  great  group 
of  strata  at  the  base  of  our  lowest  fossiliferous  series,  we  are  pre- 
sented with  similar  and  perhaps  more  striking  results  of  igneous 
modifying  powers  than  even  in  that  portion  of  the  Champlain  sys- 
tem whose  metamorphosed  rocks  constitute  the  Taconic  group. 
.  .  .  Bespecting  the  phenomena  presented  in  the  long  belt  of 
rocks  here  referred  to,  the  question  suggests  itself  whether  the  so- 
called  Taconic  system  instead  of  belonging  exclusively  to  the 
Champlain  division,  may  not,  along  with  the  western  border  of 
Yermont  and  Massachusetts,  include  also,  some  of  the  sandy  and 
slaty  strata  here  spoken  of  as  lying  beneath  the  Potsdam  sand- 
stone" (p.  153). 

In  his  final  Beport  on  the  geology  of  Pennsylvania,  published  in 
1868,*  professor  Bogers,  in  speaking  of  the  Second  or  Middle  Belt 
of  Gneiss,  in  the  southern  gneissic  district,  says:  "It  would  seem 
as  if  these  minerals  had  crystallized  or  segregated  from  their  parent 
sedimentary  materials,  under  a  conflict  of  forces,  the  newly  awak- 
ened crystallizing  energies  being  not  always  parallel  to  the  origi- 
nal bedding  of  the  deposit,  but  morn  frequently  oblique  to  it" 
(p.  71).  This  remark  is  made  in  view  of  the  "wavy  or  minutely 
undulated  lamination,  arising  apparently,  from  a  contorted  or 
wavy  structure  in  the  coarsely  crystallized  mica,  its  predominant 
mineral,  which  he  thought  seemed  "to  proceed  from  the  interfer- 
ence of  innumerable  planes  of  cleavage— or  what  is  the  same  thing 
— of  crystalline  lamination,  with  the  original  planes  of  deposition 
of  the  strata.*' 

He  remarks  a  character  which  possibly  might  be  attributed  to 
remoteness  of  the  upper  gneisses  from  the  zone  of  intense  crystal- 
line action: 


•The  Otology  of  Pennsylvania,  GovernmetU  Survey.  By  Henry  Darwin  Rogers.  lu 
two  toIh.  4to,  New  York,  1868.  The  author  informs  us  iu  the  preface  tliat  the  survey 
was  commenced  in  18;i6;  interrupted  from  failure  of  appropriations  in  1842;  revived  In 
1851  (after  sundry  failures  in  attempts  to  accomplish  publication);  the  field  worlc  was 
concluded  In  1865,  report  rewritten  and  placed  In  way  of  publication  under  direction 
of  the  author.    The  preface  is  dated  PhDadclphia,  April,  1858. 
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''A  remarkable  feature  in  the  northern  or  uppermost  band  of 
gneiss  on  the  Schuylkill,  or  those  which  next  adjoin  the  base  of  the 
Primal  series,  is  the  possession  of  a  less  than  usual  completeness 
of  crystallization  in  the  constituent  minerals,  the  feldspar  more 
especially,  appearing  to  be  less  perfectly  developed  than  commoD, 
and  more  in  the  condition  of  roundish  or  lenticular,  segregated 
lumps.  In  this  circumstance,  the  gneiss  here  approximates  some- 
what to  the  structure  of  the  lowest  beds  of  the  Primal  series,  which 
are  also  porphyroidal,  but  exhibit  their  metamorphism  in  a  far 
lower  degree"  (p.  73). 

The  prevailing  Appalachian  dip  is  not  remarked  in  the  gneisses: 

''A  remarkable  feature  in  the  structure  of  the  whole  soutbern 
gneiss  district  is  the  prevalence  of  a  northward  dip  in  the  strata. 
This  inclination  prevails  along  the  Schuylkill,  with  very  few  local 
and  trivial  exceptions  throughout  all  the  three  great  subdivisions 
of  the  zone  of  gneiss"  (p.  78). 

I  make  one  more  quotation,  setting  forth  a  conception  in  refer- 
ence to  Appalachian  structure,  which  demonstrates  long  and 
thoughtful  observation : 

"That  the  wide  area  of  gneiss  now  under  description  is  undulated 
in  a  succession  of  anticlinal  and  synclinal  waves  is  obvious  to  any 
practiced  geological  observer  who  studies  its  structure  with  due 
care.  .  .  The  notion  of  an  undulated  or  folded  structure  in  the 
gneiss  finds  corroboration  in  the  parallel  arrangement  of  the  hills 
and  valleys;  and  in  the  sudden  changes  in  the  dip  of  the  strata, 
wherever  we  make  a  transverse  section  through  the  region;  but  it 
receives  its  most  positive  demonstration,  when  we  study  the  to- 
pography and  distribution  of  the  gneiss  on  the  western  side  of  the 
county.  There  as  we  have  already  seen,  several  long  tapering 
tongues  of  the  gneiss  formation  project  forward  towards  the  W, 
including  between  them  actual  troughs  of  the  Palaeozoic  rocks,  a 
feature  not  attributable  to  any  other  mode  of  elevation  of  the 
gneiss  than  that  of  an  undulation  of  its  general  floor  in  the  manner 
of  long  anticlinal  waves"  (p.  86).  In  reference  to  inverted  flexures 
in  the  South  mountains,  see  page  94. 

JAMES   HALL. 

1843.  In  his  Final  Report  on  the  geology  of  the  Fourth  Dis- 
trict of  New  York,*  Mr.  Hall,  like  Mr.  M  ather  and  Mr.  Vanuxem,** 

*Ocol<tfwof  y^xc  Ymk.  Part  IV,  Comprising  the  Survey  of  the  Fourth  OeoUtoieal  Ditftrict, 
By  James  Hall.  Albamy,  184:). 

••VanuxeiH's  chapter  on  the  Taconio  system  occupies  but  about  one  pape  (pp.  22«23.) 
The  rocks  of  tlie  system  barely  entered  his  district,  rnliko  Mather,  he  afrreed  with 
Emmons  as  to  the  validity  of  its  existence.  The  following,  however,  is  a  curious 
paragraph : 
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makes  mention  of  the  Taoonic  system,  then  recently  proposed  by 
Dr.  Emmons.  But,  with  Mr.  Hull»  a  mere  mention  suffices.  He 
says:  ''II.  Taconic  System.  Eepresented  by  the  Taconic  range 
of  mountains  in  the  eastern  part  of  New  York."     (p.  17. ) 

'1847,  Mr.  Hall's  attitude  toward  the  Taconic  was  disclosed  in 
the  first  volume  of  the  Palseontology  of  New  York*  where  the  tril- 
obites  described  by  Dr.  Emmons  under  the  names  Atops  triliJientus, 
and  Elliptocephalus  asaphoides,  as  representatives  of  Taconic 
life,  were  described  as  Calymene  beckii,  an  authentic  species  of 
the  Hudson  Eiver  group,  and  Olenus  asaphoides,  presumed  also 
to  be  of  similar  age.     He  says: 

^'Supposing  the  existence  of  a  system  of  strata  below  the  Pots- 
dam sandstone,  of  which  we  have  no  proof,  we  might  fairly  infer 
that  the  wide  interval  between  the  deposition  of  those  strata  and 
the  Hudson  Biver  group,  would  give  us  forms  of  animal  life  more 
widely  different  than  these  examples  offer"  (p.  257,  note.) 

1859.  So  far  as  I  have  observed,  professor  Hall  had  no  occasion 
to  assume  positions  bearing  on  any  questions  concerning  pre-Silu- 
rian  rocks,  until  some  [assumed]  "Trilobites  of  the  Shales  of  the 
Hudson  Biver  Group"  from  northern  Vermont,  were  placed  in  his 
hands.t  These  were  described  as  Olenus  thompsoni,  Olenus  ver- 
montana  and  Peltura  {Olenus)  holopyga  {pp,  59-62).  These  fos- 
sils, as  it  appeared,  were  obtained  from  the  district  claimed  by  Em- 
mons as  representing  the  Taconic  system.  Though  these  were  not 
generic  types  characteristic  of  the  horizon  of  the  Hudson  Biver 
group,  the  controlling  reason  for  placing  them  there,  is  expressed 
in  the  appended  note  as  follows: 

"Note.  In  addition  to  the  evidence  heretofore  possessed  regard- 
ing the  position  of  the  slates  containing  the  trilobites,  I  have  the 
testimony  of  Sir  W.  E.  Logan,  that  the  shales  of  this  locality  are 
in  the  upper  part  of  the  Hudson  Biver  group,  or  forming  a  part  of 
a  series  of  strata  which  he  is  inclined  to  rank  as  a  distinct  group, 
above  the  Hudson  Biver  proper.  It  would  be  quite  superfluous  for 
me  to  add  one  word  in  support  of  the  opinion  of  the  most  able 

"It  Is  u  convenient  receptacle  for  deposits  which  belong  neither  to  the  Primary  nor 
the  New  York  System;  and  the  mind  In  England  Is  disposed  to  one  of  the  kind,  since 
the  Oambrlah  System  holds  the  same  position.  From  [To]  the  necessity  of  a  connect- 
ing link  between  the  Primary  and  the  Secondary  classes,  which  alone  exlst(»d  when 
Werner  rt)se  as  a  geologist,  we  owe  the  Transition  class,  the  fruits  of  which  are  the 
Cambrian  System  of  Mr.  Sedgwick,  the  Silurian  of  Mr.  Murchlson,  and  the  Devonian 
of  Mr.  Phillips;  now  merged,  with  the  exception,  probably,  of  a  portion  of  the  Cam- 
brian, in  the  *New  York  System.' 

•PaUtontoloov  of  New  York,  Volume  I.    By  James  Hall,  1847. 

'^Twelfth  AnntuLl  lieiMni  of  the  JN.  Y.  Regrnts.  OnUribution  to  the  PaUrontoloov of  N.  Y., 
1865,*G6/otan(ro8.  By  James  Hall.  1850.  Professor  Hall  has  informed  us  that  this 
report  was  published  previous  to  Sept.  20,  1850. 
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Eiraidgraphical  geologist  of  the  American  continent'*  (p.  62,  note.) 

1860.  In  the  Thirteenth  Beport  of  the  Begente*,  professor  Hall 
changed  the  generic  references  of  the  three  trilobites  just  men- 
tioned, establishing  for  them,  two  new  genera.  They  are  here  de- 
scribed (the  first  with  a  new  figure)  under  the  names  Barrandia 
ittompsoniy  Barrandia  vermontana  and  Bathynotus  holopyga. 
The  technical  reasons  for  these  changes  are  explained.  In  refer- 
ence to  geological  position,  he  says,  in  a  paragraph  at  the  end: 

"The  geological  horizon  of  the  shales  in  which  these  trilobites  oc- 
cur, having  been  made  a  matt^  of  discussion  among  geologists,  I 
shall  refer  those  interested  in  the  subject  to  the  forthcoming  re- 
port upon  the  Geology  of  the  State  of  Vermont,  by  Professor  K 
Hitchcock,"  (p.  119,  see  ant^,  p.  99). 

1861.  This  reference  of  the  Georgia  trilobites  a  horizon  as  high 
as  the  Hudson  Biver  group,  was  questioned  and  somewhat  sharply 
criticised  by  M.  Barrandef  in  1S60.  Professor  Hall,  accordingly, 
made  a  restatement  of  the  reasons  which  induced  him  to  refer  the 
iGl^eorgia  trilobites  to  the  Hudson  Biver  horizon.  The  truth  of  his- 
tory, not  to  say  justice  to  professor  Hall,  demands  the  quotation  of 
some  passages.^  After  stating  that  Sir  William  Logan  had  au- 
thorized in  an  explicit  manner,  the  note  appended  to  his  paper  in 
the  XI Hh  Regents'  Report,  he  proceeds: 

"Later  discoveries  in  the  limestones  associated  with  the  shales 
at  Quebec  leave  no  longer  a  doubt,  if  any  could  have  been  enter- 
tained before,  that  the  shales  of  Georgia,  Vermont,  are  in  the  same 
relative  i)osition  [i.  e.,  of  Quebec  age,  instead  of  Hudson  Biver] 
and  we  must  regard  these  three  trilobites  as  belonging  to  the  same 
fauna  with  the  species  enumerated  by  Sir  William  Logan  as  oc- 
curring in  the  Quebec  group.  Left  to  palteontological  evidence 
alone,  there  never  could  have  been  a  question  of  the  relations  of 

*Appcndix,  Contributions  to  RU(Fon*o2o(7y,  t8SB  aiid  i859,  with  aOdilionB  in  18B0,  Bj 
James  Hall.  This  report,  according  to  a  slip  attached  to  XiVtA  Report,  was  published 
before  Dec.  17, 1880. 

fNeuea  Jtihrbueh  fur  GtologU  und  FetrefaMetifmnde.  A  translation  of  the  letter  written 
under  date  of  Paris.  July,  16.1800  to  Prof.  Bronn  Is  given  by  M.  Marcou.  in  a  memoir  en- 
titled '*On  the  Primordial  Fauna  and  the  Taconic  System,  By  Joachim  Barrande.  With 
additional  notes."  From  the  Proeeedinifaof  IheBMton  Soci€iy  of  Natural  Hitrtory,  vol.  vli., 
Dec.,  I860,  pp.  360-382.  Republished  in  Amer,  Jour.  Sci^.  II.,  xxxi,  pp.  213-15,  Mar.,  1861. 
M.  Barrande  wrote  of  these  fossils:  "Their  primordial  nature  cannot  admit  of  the 
least   doubt,  when  the  descriptions  are  read,  accompanied  with  wood  engravings 

which  the  large  dimensions  of  these  three  species  render  sufficiently  exact All 

the  characters  of  these  three  trilobites,  as  they  are  reoognized  and  described  by  J. 
Hall,  are  those  of  the  trilobites  of  the  Primordial  fauna  of  Europe.  .  Such  Is  my  pro- 
found conviction,  and  I  think  any  one  who  has  made  a  serious  study  of  the  trilobltlc 
forms,  and  of  their  vertical  distribution  in  the  oldest  formations  wiU  be  of  the  same 
opinion"  (pp.  371-372.) 

tAmer.  Jour.  Sff,,  II,  xxxi,  pp.  230«,  March,  1861;  Canad.  yaturaWA,  vl,  113^90,  Apr.  IS, 
1861;  Geol.  Vermont,  i,  382-6. 
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these  trilobites,  which  would  at  once  have  been  referred  to  the 
Primordial  types  of  Barrande. 

'*  Sir  William  Logan  yields  to  the  palaBontologiocd  evidence,  and 
says,  *  there  must  be  a  break'  He  gives  up  the  evidence  of  struc- 
tural sequence  which  he  had  before  investigated,  and  considered 
conclusive;  and  having  heretofore  [myself J,  relied  upon  the  opin- 
ion of  the  distinguished  geologist  of  Canada,  in  regard  to  a  region 
of  country  to  which  my  own  examinations  had  not  extended,  I  have 
nothing  left  me  but  to  go  back  to  the  position  sustained  by  the 
palsBontological  evidence."  * 

He  then  examines  the  palsBontological  evidence,  and  from  a 
tabular  exhibit  of  Quebec  fossils,  concludes  : 

'*  In  the  table  we  find,  of  previously  recognized  tribolites  of  the 
primordial  f aunse,  four  genera  and  eight  species ;  two  genera  be- 
fore known  in  the  Potsdam  sandstone,  and  seven  species;  and  of 
AgnostuSt  which  is  of  the  first  and  second  faunae,  two  species;  and 
one  new  genus,  with  nine  species." 

"  These  are  certainly  very  curious  results ;  and  a  modification  of 
our  views  is  still  required,  to  allow  four  genera  and  eight  species, 
or,  leaving  out  Amphion,  three  genera  and  six  species  of  tribolites 
of  the  second  fauna,  to  be  associated  with  two  genera  and  five  spe- 
cies of  tribolites  of  the  primordial  fauna,  and  yet  regard  the  rocks 
as  of  primordial  origin"  (pp.  224).    .    .    . 

"  In  the  present  discussion,  it  appears  to  me  necessary  to  go  fur- 
ther, and  to  inquire  in  what  manner  we  have  obtained  our  ideas  of 
a  primordial  or  of  any  successive  fauuse.  I  hold  that  in  the  study 
of  the  fossils  themselves,  there  were  no  means  of  such  determina- 
tion prior  to  the  knowledge  of  the  stratigraphical  relations  of  the 
rocks  in  which  the  remains  were  enclosed.  There  can  be  no  scien- 
tific or  systematic  palseontology  without  a  stratigraphical  basis. 
Wisely  then,  and  independently  of  theories,  or  of  observations  and 
conclusions  elsewhere,  geologists  in  this  country  had  gone  on  with 
their  investigations  of  structural  geology.  The  grand  system  of 
Professors  W.  B.  and  H.  D.  Rogers  had  been  wrought  out,  not 
only  for  Pennsylvania  and  Virginia,  but  for  the  whole  Appalachian 
chain,  and  the  results  were  shown  in  numerous  carefully  worked 
sections.  In  184U,  '44  and  '45,  I  had  myself,  several  times  crossed 
from  the  Hudson  river  to  the  Green  mountains,  and  found  little  of 
importance  to  conflict  with  the  views  expressed  by  the  Professors 
Rogers  in  regard  to  the  chain  farther  south,  except  in  reference  to 
the  sandstone  of  Burlington,  and  one  or  two  other  points,  which  I 
then  regarded  as  of  minor  importance." 

•Amtr,  Jour,  Sei,,  II,  xxxl,  231. 
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"  Sir  William  Logan  had  been  working  in  the  investigation  of 
the  geology  of  Canada  ;  and  .better  work  in  physical  geology  has 
never  been  done  in  any  country." 

''.This,  then,  was  the  condition  of  American  geology,  and  inves- 
tigators concurred,  with  little  exception,  in  the  sequence  based  on 
physical  investigations.  As  I  have  before  said,  our  earliest  deter- 
minations of  the  successive  faunae  depend  upon  the  previous  strati- 
graphic  determinations.  This,  I  think,  is  acknowledged  by  Mr. 
Barrande  himself,  when  he  presents  to. us  as  a  preliminary  work,  a 
section  across  the  centre  of  Bohemia.  With  all  willingness  to  ac- 
cept Mr.  Barrande  s  determination,  fortified  and  sustained  as  it  is, 
by  the  exhibition  of  his  magnificent  work  upon  the  trilobites  of 
these  strata,  we  had  not  yet,  the  means  of  parallelizing  our  own 
formations  with  those  of  Bohemia  by  the  fauna  there  shown.  . 
.  .  It  then  became  a  question  for  palaeontologists  to  decide 
whether  determinations  founded  on  a  physical  section,  in  a  dis- 
turbed and  difficult  region  of  comparatively  small  extent  [i.  a  Sir 
W.  E.  Logan's  on  the  borders  of  Canada  and  Vermont]  were  to  be 
regarded  as  paramount  to  determinations  founded  on  examinations, 
like  those  cf  the  Professors  Bogers,  extending  over  a  distance  in 
the  line  of  strike  of  five  or  six  hundred  miles ;  and  those  of  Sir 
William  Logan  over  nearly  as  great  an  extent,  from  Vermont  to 
Gaspe."     ,    .     . 

'*  It  is  evident  that  there  is  an  important  and  perplexing  question 
to  be  determined.  .  .  For  myself,  I  can  say  that  no  previously 
expressed  opinion,  nor  any  *  artificial  combinations  of  stratigraphy 
previously  adopted,  by  me,  shall  prevent  me  from  meeting  the 
question  fairly  and  frankly"  (pp.  224-5-6).. 

1862.  The  new  evidences  in  reference  to  the  age  of  many  of 
the  rocks  in  the  valley  of  the  Hudson,  led  professor  Hall  to  an 
abandonment,  at  least  for  a  time,  of  the  use  of  the  term  Hudson 
Biver  group,  for  the  assemblage  of  strata  next  above  the  Trenton 
group.  In  a  note  at  the  end  of  his  report  on  the  geology  of  Wis- 
consin, he  records  this  changed  position.* 

•*At  that  time  [when  the  final  reportson  the  geology  of  New  York 
were  in  preparation]  and  at  a  later  period.  Dr.  Emmons  proposed 
the  name  Taconic  System  for  a  series  of  rocks  lying  a  considerabid 
distance  to  the  eastward  of  the  Hudson  Biver,  and  which  were, 
according  to  the  author  of  that  System,  below  the  Potsdam  sand- 
stone. An  examination  of  the  slaty  rocks  of  the  System  in  some 
of  their  typical  localities,  proved,  in  the  opinion  of  the  writer^  that 

*Rcpoii  on  the  GMhHjical  Sun^ey  of  the  state  of  ITiHCoiutm,  vol.  I.  Jan.  1M2,  pp.  47  and 
443-5. 
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they  rested  upon  the  Potsdam  sandstone;  and  in  tracing  the  same 
beds  toward  the  Hudson  Birer,  there  oould  be  discovered  no  break 
or  interruption  in  the  strata  anywhere  to  the  east  of  that  river.  .  . 
At  a  subsequent  period,  Dr.  Emmons  extended  the  application  of 
the  term  Taoonic  System  to  the  rocks  of  the  Hudson  Biver  valley, 
including  the  area  originally  regarded  as  the  typical  locality  of  the 
Hudson  Biver  Group.  .  .  Within  the  last  few  years,  the  dis- 
oussign  of  the  subject  has  been  revived,  more  particularly  from 
discoveries  of  fossils  in  Vermont  and  Canada,  which  prove  conclus- 
ively that  these  slates  are  to  a  great  extent,  of  older  date  than  the 
Trenton  limestone." 

"Looking  critically  at  the  localities  in  the  Hudson  valley  which 
yield  the  fossils  f belonging  to  the  second  fauna]  we  find  them  of 
limited,  and  almost  insignificant  extent.  .  .  Besides  the  fossils 
just  mentioned,  we  know  of  no  others  for  nearly  a  hundred  miles 
along  the  Hudson  valley,  with  the  exception  of  the  Graptolites, 
which  have  heretofore  been  referred  to  the  age  of  the  other  fossils 
found  in  the  smaller  outliers,  or  to  the  second  fauna,  but  which  in 
reality,  hold  a  lower  position,  and  belong  to  the  great  mass  of  the 
shales  below." 

"Until  recently  but  one  or  two  other  species  of  known  older 
types  of  fossils  (those  of  the  Primordial  fauna)  had  been  discovered 
in  these  slates.  But  within  the  past  few  years,  the  number  dis- 
covered has  been  very  great.  .  .  TVe  are  therefore  satisfied.  .  . 
that  the  term  Hudson  Biver  group  cannot  properly  be  extended  to 
.  .  .  the  Lorrain  shales  and  the  shales  and  sandstones  of  Pu- 
laski, etc.  .  .  I  have  therefore  dropped  the  term  Hudson  Biver 
group  in  its  application  to  the  rocks  of  Wisconsin  which  are  of  the 
age  of  the  Lorrain  shales  of  New  York,  and  the  'blue  limestone'  of 
Ohio."    .     . 

1864,  The  field  examination  made  in  1864  in  company  with  Sir 
W.  E.  Logan,  has  already  been  mentioned.  Ante\  p.  —  This  re- 
sulted in  the  recognition  of  a  wide  distribution  southward,  of  rocks 
belonging  to  the  Quebec  and  Sillery  formations.  These  identifica- 
tions were  made  in  the  midst  of  a  region  which  had  generally  been 
regarded  as  underlaid  originally  by  altered  strata  of  Hudson  Biver 
age. 

1877.  The  conclusions  reached  in  1861  and  1862,  in  reference  to 
the  age  of  the  mass  of  rocks  along  the  east  side  of  the  Hudson 
river,  were  found  to  be  only  partially  true.*  Later  investigation 
showed  the  existence  along  both  sides  of  the  river,  of  a  body  of 

***Note  upon  the  History  and  Value  of  the  term  Hudson  River  group,  in  American 
Geological  nomenclature."    Proc.  Amer.  Assoc.t  Nashville,  1877,  pp.  258-06. 
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slates  lying  in  unquestionable  continuity  with  the  Lorraio  shales 
of  the  Mohawk  valley  and  the  northwestern  part  of  the  state,  and 
professor  Hall  therefore  reclaimed  the  term  Hudson  Biver  group 
as  appropriate.  No  particular  citations  of  reasons  assigned  is 
needed  here.  Professor  Hall  however,  still  recognized  the  exisi- 
ence  of  a  mass  of  slates  farther  east  in  New  York,  which  contained 
fossils  of  the  Primordial  fauna.  These,  therefore,  still  remained, 
to  validate,  as  far  as  they  could,  Dr.  Emmons'  contention  far  the 
existence  of  a  pre- Silurian,  fossiliferous  system. 

SIR  WILLIAM  LOOAN. 

1845.  The  first  record  of  observations  made  by  Sir  William  La- 
gan on  the  range  of  rocks  here  under  consideration*,  speaks  of 
them  collectively,  as  the  ^'Metamorphic  Series."  But  he  recognizes 
a  lithological  and  chronological  subdivision. 

''To  the  south  of  the  Mattawa  and  of  the  Ottawa  in  its  continaa- 
tion  after  the  junction  of  the  two  streams,  important  beds  of  crys- 
talline limestone  become  interstratified  with  the  syenitic  gneis8,and 
their  presence  constitutes  so  marked  a  character  that  it  appears  ex- 
pedient to  consider  the  mass  to  which  they  belong  as  a  separate 
group  of  metamorphic  strata,  supposed,  from  their  geographical 
position  and  general  attitude,  to  overlie  the  previous  rock  conform- 
ably. The  limestone  beds  appear  to  be  fewer  at  the  bottom  than 
at  the  top  of  the  group,  but  whether  few  or  many,  they  are  always 
separated  by  beds  of  gneiss  which  in  no  way  differ  in  constituent 
quality  or  diversity  of  arrangement  from  the  gneiss  lower  down,  ex- 
cept in  regard  to  the  presence  of  accidental  minerals,  the  most 
common  of  which  are  garnets,"  (pp.  41,  42). 

The  facts  stated  would  seem  to  afford  but  slender  ground  for  the 
recognition  of  two  "groups." 

But  this  grouping  is  traced  over  an  extent  of  sixty-three  miles, 
when  the  result  of  his  observations  is  expressed  in  the  following 
arrangement: 

4.  Fossiliferous  limestone  [with  Niagara  fossils.] 

.    Greenish  sandstones  [of  undetermined  relations.] 
2.    Chloritic  slates  and  conglomerates  [subsequently  Huronian.] 
1.    Gneiss  (p.  67.) 
•  1846.     The  series  on  the  north  shore  of  lake  Superior  is  further 
described  in  the  report  of  the  following  yearf.      The  order  of  sac- 
cession  determined  is  given  below: 

5.  Sandstones,  limestones,  indurated  marls  and  conglomerates, 
interstratified  with  trap. 

*Report  of  ProgresH  of  the  Carwuia  OeologiaU  Survey  for  1845-6^  pp.  4(M5. 
tBepopt  of  progrtsa  for  lHi6-7,  pp.  8-17. 
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4.  Bluish  slates  or  shales,  interstratified  with  trap.  [Huronian 
Animike.) 

3.    Chloritio  and  partially  taloose  and  conglomerate  slates. 

2.    Gneiss. 

1.    Granite  and  syenite. 

On  these  Mr.  Logan  makes  the  following  remarks: 

''The  rock  at  the  base  of  the  series  is  a  granite,  frequently  pass- 
ing into  a  syenite  by  the  addition  of  hornblende;  but  the  hornblende 
does  not  appear  to  be  often  present  wholly  without  the  miea.  .  . 
This  granite  appears  to  pass  gradually  into  a  gneiss,  which  seems 
to  participate  as  often  in  a  syenitic  as  a  granitic  quality.  .  .  The 
gneiss  is  succeeded  by  [3]  slates  of  a  general  exterior  dark  green 
oolor,  often  dark  gray  in  fresh  fractures,  which  at  the  base  appear 
occasionally  to  be  interstratified  with  beds  of  afeldspathic  quality, 
of  the  reddish  oolor  belonging  to  the  subjacent  granite  and  gneiss. 

.  .  Some  of  the  beds  have  the  quality  of  a  greenstone,  others, 
that  of  a  mica  slate,  and  a  few  present  the  character  of  quartz  rock. 
Bising  in  the  series,  these  become  [4]  interstratified  with  beds  of 
a  slaty  character,  holding  a  sufficient  number  ef  pebbles  of  various 
kinds  to  constitute  conglomerates.  The  pebbles  seem  to  be  of 
various  qualities,  but  apparently  all  derived  from  hypogene  rocks. 

.  .  [Ogishke  conglomerate?]  ''The  formations  which  suc- 
ceed [5]  rest  unconformdbly  upon  those  already  mentioned.  The 
base  of  the  lower  one  where  seen  [in  Thunder  Bay]  in  contact 
with  the  subjacent  green  slates  presents  conglomerate  beds,  prob- 
ably of  no  great  thickness,  composed  of  quartz  pebbles  chiefly, 
with  a  few  of  red  jasper,  and  some  of  slate  in  a  green  arenaceous 
matrix,  consisting  of  the  same  materials  in  a  finer  condition." 
[Afterward  ''slate  conglomerate."] 

The  [5]  sandstones,  limestones,  indurated  marls  and  conglomer- 
ates, are  said  to  be  crowned  by  an  enormous  amount  of  volcanic 
overflow. 

In  the  light  of  our  own  studies,  it  becomes  easy  to  recognize  in 
No  3  the  rocks  of  the  Keewatin  iron-bearing  series,  represented  on 
the  south  shore  by  the  Marquette  iron-bearing  series;  in  No.  4,  the 
ohioritic  diabase  slates  of  the  Thessalon  valley,  and  in  No.  6,  the 
"slate  conglomerate"  and  quartzites  and  Trap-rocks  of  the  same 
regions,  and  the  Animike  slates  of  northeastern  Minnesota,*  while 
the  crowning  overflow  is  the  great  gabbro  sheet  so  widely  spread 
in  northern  Minnesota. 

^Erroneously  supposed  by  Whitney  and  Wadsworth  to  represent  the  Cupriferous 
formation  of  the  south  shore  (Azoic  RockSt  p.  334).  As  the  Ouprifcrous  is  with  them  of 
Potsdam  age,  we  should  have  an  astonishing  equivalency  between  the  Potsdam  sand- 
stone and  the  Animike  black  slates. 
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It  is  important  to  keep  in  mind  the  early  recognition  of  an  un- 
conformity between  the  two  series  of  schists  Nos.  3  and  4,  and  the 
existence  of  quartzose  pebbles  in  the  bluish  slates,*  as  in  the 
blackish  slates  of  the  Thessalon  valley. 

1847,  In  order  to  describe  the  grounds  of  director  Logan's  de- 
terminations respecting  the  geology  of  the  region  north  of  lake  Hu- 
ron it  is  necessary  to  make  a  quotation  from  Mr.  Murray's  report 
of  a  survey  in  1847.t 

"  The  older  groups  observed^  consist  firstly,  of  a  metamorphic 
series  composed  of  granitic  and  syenitic  rocks  in  the  forms 
of  gneiss,  mica  slate  and  hornblende  slate;  and  secondly,  of 
a  stratified  series,  composed  of  quartz  rock  or  sandstones, 
conglomerates,  shales  and  limestones.  .  .  .  On  a  cluster 
of  small  islands,  .  .  .  granite  was  found  breaking  through  the 
quartz  rock.  The  color  of  the  rock  [which  rock  ?]  was  red.  On 
one  of  the  islands,  quartz  rock  beds  on  opposite  sides  of  the  gran- 
ite, were  observed  to  dip  in  opposite  directions,  north  on  the  north 
side,  and  south  on  the  south  side,  at  an  angle  of  78°  or  80^ ;  and 
in  another  of  the  islands,  the  quartz  rock  and  granite  were  seen  in 
juxtaposition,  the  former  reclining  on  the  latter.  In  this  case  the 
quartz  was  traversed  by  several  trap  dikes  running  slightly  oblique 
to  the  strike,  while  granitic  veins  ran  transversely  through  the 
whole,  and  were  continued  throitgh  the  main  body  or  nucleus  of 
the  granite,  the  one  granite  being  distinguishable  from  the  other 
notwithstanding  the  red  color  of  both,  by  the  finer  texture  of  the 
veins"  (pp.  112,  113). 

This  is  the  earliest  description  of  a  portion  of  the  rocks  in  what 
was  to  become  "  the  original  Huronian  region.*'  An  examination 
of  the  statements  made  by  Mr.  Murray  justifies  the  conclusion 
that  the  rocks  described  correspond  to  the  '  upper  group '  found 
by  Logan  on  the  north  shore  of  lake  Superior.  But  it  will  be 
seen  that  Logan  parallelizes  them  with  the  metamorphic  series  of 
the  north  shore,  without  paying  due  regard  to  the  unconformity 
which  he  has  described  running  between  the  upper  and  lower 

*  These  are  described  aH  black  arKiUaceous  slates  by  Mr.  Alexander  Murray  (same  re- 
port, pp.  61-3)  After  noticing  the  two  groups  and  the  structurally  oon/ortnoble  passage 
of  the  lower.into  the  bottom  gneisses,  he  says  of  the  upper  (black  argiUaoeous  slates) 
"The  base  of  this  formation  .  .  .  was  observed  on  the  Kamlnistlqula*  near  the 
Grand  Falls.  Its  Immediate  Junction  with  the  rock  on  which  It  reposes  was  concealed 
from  view,  but  appears  to  be  Indicated  by  the  position  of  a  small  lake  or  pond  occur- 
ring Just  below  the  second  portage,  and  the  marshy  ravines  which  run  from  It  in  the 
direction  of  the  strike  on  each  side.  The  slates  visibly  reach  to  within  a  short  dis* 
tance  of  the  pond,  probably  brought  into  place  against  the  syenite  by  a  dislocation. 

t  Murray,  Report  of  PrognsB  for  t847-8. 


8TATE   GEOLOGIST.  115 

gronps.    Thus,  in  reference  to  the  seoond  series  of  Mr.  Murray, 
he  writes  in  1848  :  * 

''The  series  of  rocks  occupying  this  country  form  the  connecting 
link  between  lakes  Huron  and  Saperior  to  the  vicinity  of  Sheba- 
wenahning,  a  distance  of  120  miles,  with  a  breadth  in  some  places 
of  ten,  and  in  others  exceeding  twenty  miles,  and  it  appears  to  me, 
must  be  taken  as  belonging  to  one  formation ;  on  the  west  it  seems 
to  repose  on  the  granite  which  was  represented  in  my  report  on 
lake  Superior  as  running  to  east  of  Gros  Cap,  north  of  Sault  Ste. 
Marie  ;  on  the  east,  the  same  supporting  granite  was  observed  by 
Mr.  Murray,  north  of  La  Cloche,  between  three  and  four  miles  in  a 
straight  line  up  the  Bivi^re  au  Sable,  .  .  .  and  again  about  an 
equal  distance  up  another  and  parallel  tributary,  ...  in  both 
oases,  about  ten  miles  from  the  coast  ...  In  respect  to  the 
geological  age  of  the  formation,  the  evidence  afforded  by  the  facts 
collected  last  year  by  Mr.  Murray,  ...  is  clear,  satisfactory, 
and  indisputably  conclusive.  .  .  .  The  chief  difference  in  the 
copper-bearing  rocks  of  lakes  Huron  and  Superior  seems  to  lie  in 
the  great  amount  of  amygdaloidal  trap  present  among  the  latter, 
and  of  white  quartz  rock  or  sandstone  among  the  former.  But  on 
the  Canadian  side  of  lake  Superior,  there  are  some  considerable 
areas,  in  which  important  masses  of  interstratified  greenstone  ex- 
ist without  amygdaloid,  [this  is  the  'upper  group']  while  white 
sandstones  are  present  in  others,  as  on  the  south  side  of  Thunder 
Bay,  though  not  in  the  same  state  of  vitrification  as  those  of  Hu- 
ron. But  notwithstandicg  these  differences,  there  are  such  strong 
points  of  resemblance  in  the  interstratification  of  igneous  rocks, 
and  the  general  mineralized  conditipn  of  the  whole,  as  to  render 
their  positive  approximate  equivalence  highly  probable,  if  not  ab- 
solutely certain ;  and  the  conclusive  evidence  given  of  the  age  of 
the  Huron,  would  thus  appear  to  settle  that  of  the  lake  Superior 
rocks,  in  the  position  given  to  them  by  Dr.  Houghton,  the  late  state 
geologist  of  Michigan,  as  beneath  the  lowest  known  fossiliferous 
deposits,  a  position  which,  as  will  be  seen  by  a  reference  to  the 
Report  of  Progress  I  had  the  honor  to  submit  to  your  Excellency, 
in  1816,  appeared  to  me  to  derive  some  support  from  evidences  on 
the  Canadian  side  of  lake  Superior  itself.'* 

The  positive  error  embodied  in  the  foregdiug  paragraph  is  the 
attempt  to  parallelize  the  Huron  rocks  with  a  series  of  Superior  rocks 
which  consists  of  two  groups,  and  then  having  shown  the  parellel- 
ism  with  the  higher  group,  the  drawing  of  inferences  touching  a 

•  Report  on  the  tunih  Owtrt  of  Lake  Hunm,  Dec.  20, 1848.  pp.  8.  P.  10,  20. 
9- 
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third  geological  region  which  are  valid  only  in  reference  to  the 
lower  Superior  gronp. 

The  foregoing  citation  from  the  report  of  1848,  was  embodied  in 
a  communication  made  by  director  Logan  to  the  British  Associa- 
tion in  1861.*  But  ill  place  of  the  last  part  of  the  last  sentence, 
we  find  the  following:  ''and  in  this  sequence,  those  [rocks]  of  Iiake 
Huron,  if  not  those  of  Superior,  would  appear  to  be  contempor- 
aneous with  the  Cambrian  series  of  the  British  Isles."  In  the 
next  paragraph,  he  says  the  Lower  Silurian,  on  the  lower  St 
Lawrence,  "appears  to  rest  upon  gneissoid  rocks,  without  the  in- 
tervention of  the  Cambrian"  {Amer.  Jour.  Scu,  I.  c.,  p.  226;)  and 
in  the  next,  he  uses  the  phrase,  ''Cambrian  formation  of  Lakes 
Huron  and  Superior**  (p.  227),  and  the  same  again  on  the  next 
page.  It  is  clear  then,  that  in  1851,  Sir  William  Logan  considered 
the  rocks  on  the  north  shore  of  lake  Huron  as  equivalent  to  the 
Cambrian  of  Sedgwick. 

1848.  We  must  again  cite  from  Murray,  as  it  appears  that  direc- 
tor Logan's  judgments  were  largely  based  on  assistant  Murray's 
facts.  In  the  report  for  1848-9,  after  describing  the  country  along 
the  Spanish  river,  he  says: 

*'The  geological  formations  met  with  in  the  region  thus  describ- 
ed, may  be  arranged  in  two  groups,  one  of  which  appears  to  be 
nearly  allied  to,  and  the  other  identical  with,  the  older  rooks  of 
which  mention  was  made  in  my  report  of  1847-8.    They  are 

2.    Quartz  rock  group. 

1.     Granitic  or  Metamorphic  group. 

Mr.  Murray,  in  describing  the  lower  group,  mentions  oqly  grani- 
toid rocks.  He  says:  "The  constituent  minerals  were  usually 
those  of  granite  or  syenite,  or  a  mixture  of  both.  .  .  A  gneissoid 
structure  was  observed  on  one  or  two  occasions,  .  .  but  obscure 
and  ill  defined."    Speaking  of  the  "Quartz  rock  group,"  he  says: 

"The  rocks  of  this  group,  where  they  came  under  our  observa- 
tion, like  those  examined  the  previous  season,  were  found  to  be 
partly  of  aqueous  and  partly  of  igneous  origin.*'  After  describing 
the  quartzose  members,  he  speaks  of  the  slate.  "The  slates  were 
grayi  green  or  blackish  in  color,  and  were  usually  more  or  less 
silicious,  and  frequently  very  micaceous.  .  .  The  more  purely 
argillaceous  portions  of  the  slate  were  generally  black  or  of  a  very 
dark  brownish  tinge,  and  in  these  a  very  symmetrical  jointed 
structure,  dividing  the  rock  into  rhombohedral  forms  of  consider- 
able regularity,  was  frequently  recognized.    The  slates  were  very 

•Rep.  BTii,Anoc.  Adv.  Set,  1851.  Trans.  Sees.  50-e2  Amer.  Jour.  Sd.  II.  xlv,  294-390.    See 
^Iso  Butt.  Soe.  a46l.  de  France,  184(MS0,  (2),  vli,  907-300. 
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often  observed  to  pass  into  a  conglomerate,  holding  pebbles  of 
^anite  and  syenite  chiefly,  varying  in  diameter  from  an  eighth  of 
an  inoh  to  a  foot,  and  imbedded  in  a  bicuyk  argillaceoua  matrix'* 
(p.  37.) 

No  one^ho  has  seen  Logan's  slate  conglomerates  in  the  valley  of 
the  Thessalon,  can  fail  to  recognize  the  identity  of  the  argillaoeoos 
slates  described  by  Mr.  Murray. 

1849.  In  the  report  for  1819-50,  director  Logan  describes  the 
geology  about  Bay  St.  Paul  and  Murray  bay.  He  classifies  the 
rooks  as  follows: 

4.    Bituminous  limestone  (Trenton.) 

3.     Calciferous  sandrock. 

2.    White  quartz  rock  (Potsdam  sandstone.) 

1.    Metamorphic  group  (p.  8.) 

Beferring  to  the  ''Metamorphic  group,"  he  states  that  the  prevail- 
ing rock  of  the  country  is  gneiss,  sometimes  of  a  granitic  and  some- 
times of  a  syenitic  character.    After  careful  local  details,  he  says: 

"The  gneiss  of  this  district  belongs  to  that  metamorphic  group 
of  rocks,  which  in  previous  reports  has  been  described  as  existing 
on  the  Ottawa,  and  as  traceable  thence  .  .  to  Cape  Tourmente 
below  Quebec  .  .  None  of  the  highly  crystalline  limestones 
which  on  the  Ottawa  are  so  marked  a  feature  of  the  group,  were 
observed  in  the  region  under  attention." 

This  fact  gives  support  to  the  suggestion  of  Whitney  and  Wads- 
worth  that  the  Laurentian  limestones  may  be  mere  segregations, 
instead  of  extensive  strata. 

A  white,  translucent,  slaty  quartz  rock,  rendered  deavable  by 
the  presence  of  silvery  mica,  but  seen  only  at  three  points,  directly 
overlies  the  gneiss.  ''There  appears  to  be  little  doubt  that  this  rock 
is  equivalent  to  the  Potsdam  sandstone  of  New  York"  (p.  10.) 

lb.5L  This  year  director  Logan  and  assistant  Murray  examined 
different  portions  of  the  district  between  the  Ottawa  and  the  St. 
Lawrence.  Mr.  Logan  describes  the  Potsdam  sandstone  as  re- 
posing unconformably  on  the  ''Metamorphic  or  gneissoid  group" 
{p.  6.)  The  character  of  this  "group"  may  be  learned  from  Mr. 
Murray's  description  of  the  geology  of  Bigaud  mountain  {Report 
of  Progress^  p.  63. )  After  speaking  of  the  occurrence  of  gneisses, 
be  says: 

"These  beds  are  interstratified  with  others  of  a  different  charac- 
ter; one  set  is  composed  of  small  deavable  forms  of  black  horn- 
blende and  grains  of  translucent,  yellowish- white  feldspar,  weather- 
ing opaque- white,  and  crystals  of  brown  mica.  Another  consists 
of  grayish-green  deavable  pyroxene,  with  individuals  of  greenish 
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feldspar  weathering  white,  and  largely  disseminated  grabs  of 
magnetic  iron;  and  a  third  consists  of  translacent  albite,  with  black 
jiomblende  and  magnetic  iron  ore  disseminated,  alternating  with 
micaceous  layers.  All  these  beds  are  intersected  by  transvene 
dykes,  some  of  which  are  fine-grained,  grayish-black  tra(>,  probably 
a  greenstone  with  disseminated  grains  of  calc-spar,  while  othen 
are  porphyritic,  having  a  fine  grained  blackish-green  base,  with 
individuals  of  greenish  white  feldspar"  (pp.  63-64.) 

This  passage  sounds  very  unlike  the  descriptions  of  the  rocb 
about  Spanish  and  Thessalon  rivers.  But  these  are  the  rocb 
which  in  the  Seigniory  of  Bigaud,  rest  directly  upon  the  gneisBee. 
It  is  further  stated  (pp.  60,  65,)  that  at  the  base  of  71  feet  of  sand- 
stone, on  Bluff  island  in  Charleston  lake,  is  a  ''red  talco-qoartzoee 
rock  of  the  Metamorphic  series."  No  such  rock  is  described  in 
the  region  north  of  lake  Huron.  There  is  reason  to  suppose  an- 
other group  of  rocks  rests  in  this  region  in  a  position  between  the 
gneiss  and  the  "Huron  rocks." 

Of  the  deeper  gneisses  Mr.  Murray  supplies  some  interesting 
information: 

"Near  Furnace  Falls,  on  the  second  lot  of  the  eighth  concession  of 
Landsdowne,  there  is  a  considerable  display  of  crystalline  lime- 
stone, holding  as  usual,  spangles  of  graphite  and  mica,  with  grains 
of  quartz.  .  .  Crystalline  limestones  are  albo,  extensively  ex- 
hibited in  the  neighborhood  of  Beverly,  township  of  Bastard,  and 
Newboro'  in  south  Crosby.  Their  color  is  usually  white,  but  some- 
times grayish-white,  or  white  with  gray  bars  or  stripes.  Small 
scales  of  graphite  are  invariably  disseminated  through  the  lock, 
with  serpentine,  mica  and  iron  pyrites.  .  .  The  texture  of  the 
limestones  is  usually  coarse.  .  .  Nodular  masses  of  vitreons 
white  quartz,  surrounded  with  thin  layers  of  brown  mica,  and  both 
enclosed  in  foliated  green  pyroxene,  are  met  with  in  some  of  the 
beds.  .  .  On  the  twenty-fourth  lot  of  the  tenth  concession  of 
Bastard,  there  is  an  unmistakable  bed  of  conglomerate,  interstrati- 
fied  between  two  beds  of  highly  crystalline  limestone,  showing  the 
sedimentary  origin  of  the  Metamorphic  series.  The  following  is 
a  condensed  statement  of  the  section  given  (p.  62.) 

7.    Crystalline  limestone,  white,  coarse-grained,  6  ft 

6.    Crystalline  limestone,  fine,  very  hard,  bluish-gray,  4iD. 

5.     Calcareous  sandstone,  fine-grained,  2  in. 

4.    Coarse  conglomerate.     The  pebbles  are  flat  and  lie  on  their 
sides,  etc.,  1ft.  6in. 

3.    A  calcareous  aggregate  of  quartz,  with  feldspar,  calc  spar 
and  scales  of  graphite,  2in. 
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2.  An  aggregate  of  oolorlesB,  tranBlaoent  quartz,  with  feldspar 
and  patohes  of  greenish,  ohloritio  limestone,  with  brown 
mioa,  4in. 

1.    Pare  white,  highly  oryatalline,  coarse  limestone,  6ft 

1852.  Director  Logan  returns  to  an  exposition  of  the  rooks 
north  of  lake  Huron,*  and  states: 

"On  Lake  Huron,  the  Lower  SUlurian  group  rests  unconforma- 
bly  upon  a  silioious  series,  with  only  one  known  band  of  limestone, 
about  150  feet  thick,  with  leaves  of  chert  in  abundance,  but  as  yet, 
without  discovered  fossils.  This  series  is  supposed  to  be  of  the 
Oambrian  epoch.  It  comprehends  the  Copper-bearing  rocks  of 
that  district,  and  with  its  igneous,  interstratified  masses,  has  a 
thickness  of  at  least  10,000  feet.  The  gneissoid  group,  of  which 
mention  is  made,  is  probably  still  older  than  this.  Its  conditions 
appear  to  me  to  make  it  reasonable  to  suppose  that  it  consists  of 
aqueous  deposits  in  an  altered  state.'* 

1854.  The  first  announcement  of  the  term  Laurentian,  as  the 
designation  of  a  series  of  rocks,  was  made  in  ISSLf 

''The  name  which  has  been  given  in  previous  reports  to  the 
rocks  underlying  the  fossiliferous  limestones  in  this  part  of  Can- 
ada, is  the  "Metamorphic  series;"  but  inasmuch  as  this  is  applica- 
ble to  any  series  of  rocks  in  an  altered  condition,  and  might  oc- 
<Mi8ion  confusion,  it  has  been  considered  expedient  to  apply  to 
them  for  the  future,  the  more  distinctive  appellation  of  the  Lauren^ 
iian  aeries.X  a  name  founded  on  that  given  by  Mr  Garneau,  to  the 
•chain  of  hills  which  they  compose.*' 

In  the  same  report,  Mr.  Murray,  writing  of  the  region  between 
lake  Ontario  and  lake  Simcoe,  supplies  a  general  description  of 
the  Laurentian  series,  in  these  words: 

"They  consist  of  masses  of  micaceous  and  homblendic  gneiss, 
and  masses  of  crystalline  limestone  interstratified  by  gneiss.    In 


*Qvusr,  Jour,  C^eol.  Soc.,  vill,  210, 1852. 

'^Report  of  Progreas^  Oeolog.  Surv.  Canada^  for  the  year  1862-3,  Quebeo,  1854,  p.  8. 

tThe  term  "Laurentian"  had  already  been  applied,  in  1851,  by  Eklward  Desor,  to  the 

foesillf erous  marine  Drift  of  the  valley  of  the  St.  Lawrence  river  (Proc,  Boeton  Soo. 

NaL  Hiat,,  Feb.  19  and  March  6, 1851,  vol.  IV,  pp.  29,  33.)    It  was  also  published  in  the 

Bulletin  of  the  Oeolooical  Society  of  tyance  in  the  same  year  and  in  1852;  in  theNeuea 

Jahrbuch  for  1853;  and  in  Thorn pson*H  NaturcU  History  of  Vermont^  in  1853. 

The  term  "Algonquin  terrane'*  was  also  preoccupied  by  Desor,  in  1851.  as  the  desig- 
nation of  the  fresh- water  deposits  about  the  Great  Lakes,  to  which  0.  H.  Hitchcoclc 
and  J.  D.  Dana  have  since  applied  the  term  Ohamplain.  The  name  "Algonkian**  has 
been  (in  1889)  proposed  by  O.  D.  Walcott,  for  all  the  sub-Oambrian  deposits  down  to  the 
top  of  the  crystalline  schists.  Thus  a  notable  parallelism  exists  in  the  fortunes  of 
the  two  terms  proposed  by  Desor,  for  two  distinct  members  of  the  Quaternary. 

For  a  history  of  the  use  of  the  term  "Laurentian  as  applied  to  a  Quaternary  terrane,** 
see  Joseph  F.  James  in  American  Geotootot,  Jan.  1800.  pp.  29-35;  also  O.  H.  Hitchoook,  in 
American  GeoloaUit,  April  1800,  and  Jules  Marcou,  in  American  Oeologigt,  vol.  VI,  p.  64. 
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the  great  masses  of  gneiss,  the  prevaUing  color  appears  to  be  red- 
dish, but  they  are  frequently  striped  with  interstratified  bands  of 
gray,  the  reddish  part  taking  its  general  aspeot  from  the  reddish 
feldspar  which  is  the  principal  constituent,  while  the  gray  ia 
chiefly  made  up  of  small  grains  of  white  quartz  and  feldspar,  with 
small  scales  of  black  mica,  and  occasionally  grains  of  black  horn- 
blende. .  .  Beds  also  occur  erf  which  almost  the  only  constit- 
uent is  white  quartz,  and  these  often  alternate  with  thin  layers  of 
yellowish  white  feldspar,"   (pp.  81,  82). 

Various  beds  of  crystalline  magnesian  limestone  are  described: 
— One  on  Eel  lake  30  feet  thick,  and  several  other  exposures  on 
the  same  lake  (pp.  83,  84);  another  on  Long  lake,  seventh  lot  of 
ninth  concession  (with  little  magnesia),  with  apatite,  silvery  mica 
and  graphite,  and  a  few  grains  of  rose-colored  quartz,  and  some 
green  serpentine;  another  below  this,  on  Gold  lake,  with  abundant 
grains  and  nodules  of  greenish  serpentine;  another,  still  lower,  of 
white  dolomite,  with  pinkish  streaks  and  spots,  with  grains  of 
quartz  and  serpentine  (p.  84).  Many  other  exposures  are  describ- 
ed, of  similar  general  character.  "Southwest  from  the  Gk>Id  Lake 
limestone,  in  the  continuation  of  the  general  strike,  an  exposure 
was'  met  with  on  the  fourth  lot  of  the  eighth  concession.  .  . 
From  the  vicinity  of  this  exposure,  crystalline  limestone  is  trace- 
able, emerging  from  beneath  the  fossiliferous  formations  for  a 
mile  and  a  half*  (p.  85). 

If  then  these  limestones  are  "low"  in  the  gneissic  series,  an  oc- 
currence so  near  the  fossiliferous  limestones  would  imply  the 
absence  of  a  large  part  of  the  gneissic  and  the  whole  of  the 
schistic  rocks. 

At  an  exposure  on  Birch  lake,  Mr.  Murray  measured  a  section,, 
of  which  the  following  is  a  synopsis:  (p.  89.) 

11.    Mica  slate,  fine,  with  bands  of  coarse,  disintegrating 

limestome 86ft 

10.    Limestone,  coarse,  disintegrating 40 

9.    Feldspathic  quartz  rock  and  coarse  disintegrating 

limestone 50 

8.    Bed,  ferruginous  mass,  of    brecciated  appearance 

[See  also  p.  94] 10 

7    Crystalline  limestone,  coarse,  disintegrating. 30 

6.    Crystalline  limestone,  coarse,  with  graphite  nodules 

and  angular  fragments  of  quartz 100 

6.    Concealed  from  view 231 

4.    Gneiss,  mostly  quartz,  some  black  and  brown  mica 

and  abundant  garnets  [Not  very  good  gneiss] . . .  260 
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3.     White  quartz  and  fine-grained  feldspar  alternating.  130 

2.    Supposed  to  be  chiefly  mica  schist 300 

1.    Gneiss,  red  and  gray,  thin  bedded,  with  layers  of 

mica  schist 132 
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1857.    The  reports  of  the  Canadian  survey  for  1853,  '54,  '55,  '56 

were  not  printed  until  1857.*  In  Murray's  reports  for  1853  and 
1854,  he  describes  the  country  between  Georgian  bay  and  the  Ot- 
tawa river.  "The  Lauren tian  series"  occupies  most  of  the  coun- 
try. He  speaks  of  gneiss  in  alternation  with  mica  slate.  Some 
highly  garnetiferous  portions  are  mostly  an  aggregation  of  granu- 
lar quartz.  He  speaks  also,  of  a  black  rock  composed  chiefly  of 
hornblende,  with  some  black  mica  (pp.  89,  90.)  A  fine  grained 
red  rock,  supposed  to  be  intrusive  (p.  90)  is  spoken  of,  and  beds  of 
limestone  are  particularly  located  (pp.  91, 92,  93.)  Bands  of  lime- 
stone are  found  about  lake  Nipissing  (pp.  121,122,123.)  The 
"Laurentian  series"  of  lake  Nipissing  is  further  described  in  Mur- 
ray's reports  for  1856  and  1856  (Bep.  1857,  pp.  140-3.) 

"Among  the  boulders  on  lake  Nipissing"  says  Mr.  Murray,  at 
the  end  of  the  report  for  1855 — printed  in  1857,  "many  were  ob- 
served to  be  of  a  slate  conglomerate,  and  they  were  frequently  of 
very  great  size;  in  their  aspect  and  general  character,  these  have  a 
very  strong  resemblance  to  the  slate  conglomerate  of  the  Huron- 
tan  series,f  from  which,  in  all  probability,  they  are  derived"  (p. 
125.)  In  the  report  for  1856,  he  speaks  of  the  bowlders  of  met- 
amorphic  rocks  as  derived  from  the  Laurentian  and  Huronian 
formations  on  the  north  shore  of  lake  Huron  (p.  134.) 

In  reference  to  the  red  rock  first  mentioned  in  the  report  for 
1853,  (p.  90,)  he  says: 

"At  Grand  liecoUet  Fall,  in  the  north  channel  of  the  French 
River,  and  in  the  south  channel  about  two  miles  southeast  from 
*  them,  the  rock  is  of  a  brick  red  color,  without  any  distinguishable 
lines  or  layers  of  stratification.  It  was  supposed  to  be  an  intru- 
sive syenite,  and  with  a  general  breadth  of  from  one  to  two  miles, 
its  course  appeared  to  be  N.  N.  W.  and  S.  S.  E.,  (141,  142. ) 

*The  volume  printed  iu  1857,  of  4M  page^  contains  reports  of  Murray  and  Hunt  for 
1863, 1854, 1855,  and  1856,  and  reports  of  Mr.  Billings  and  Mr.  Ulchardson  for  1856. 

tXhe  term  **IIuronlan"  is  evidently  employed  in  this  place,  as  a  geographical  desig- 
nation, rather  than  the  name  of  a  well-considered  historical  assemblage  of  rocks  oo- 
curring  In  the  Huronian  area  and  elsewhere.  Systemlcally,  these  rooks  were  understood 
by  Sir  William  Logan,  as  he  tells  us,  to  belong  to  the  Oambrlan  (See  ante,  p.  116, 1852,  In  Rep- 
tor  1851.)  It  will  be  remembered  also,  that  Emmons  had  declared  that  they  fall  with- 
in the  limits  of  the  Taconic  (Sec  anU,  p.  82, 1860,  p.  18;)  and  it  does  not  appear  that  the  iu- 
slstanoe  upon  the  use  of  term  Huronian  has  been  formally  defended— a  lack  of  any 
attempt  at  JustiOcation  which  is  explained  only  by  the  apparent  assumption  that  the 
claims  of  Taconic  were  too  preposterous  to  merit  consideration. 
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Pireotor  Logan,  in  a  note,  suggests  the  resemblanoe  of  this  red 
^ock  to  some  of  the  harder  kinds  of  the  laterite  rock  of  the  East 
Indies.  He  cites  Dr.  Clarke,  as  concluding,  in  1838,  that  it  results 
from  decomposed  syenite  or  homblendic  gneiss.  "  The  Canadian 
rock,"  Mr.  Logan  adds,  "  seems  to  be  a  syenite  in  an  incipient 
state  of  decomposition." 

In  his  report  for  1856,  dated  1st  March,  1857,  Mr.  Murray,  speak- 
ing of  the ''distribution  of  the  rock  formations"  between  lake 
Nipissing  and  lake  Huron,  says : 

*'  The  rocks  of  the  region  explored  during  the  season,  embrace 
two  of  the  oldest  recognized  geological  formations,  the  Laurentian 
and  Hnronian  ;  the  rocks  of  the  latter  and  more  recent  of  which, 
hare  been  observed  to  pass  unconformably  below  the  lowest  of  the 
fossiliferous  strata  of  the  Silurian  system.     The  contorted  gneiss 
of  the  Laurentian  series,  with  its  associated  micaceous  and  hom- 
blendic schists,  spreads  over  the  country  to  the  south  and  east, 
while  the  slates,  conglomerates,  limestone,  quartzyte  and  greenstone 
of  the  Huronian,  occupy  the  north  and  western  part"  (p.  168). 
The  boundary  between  the  two  coincides  approximately  with  the 
White  Fish  river.     The  immediate  contact  was  nowhere  distinctly 
seen  (168, 171).    In  passing  "from  the  lower  to  the  higher  forma- 
tion, a  mass  of  rather  coarse  grained  greenstone  was  generally  met 
with."    Mr.  Murray  gives,  with  many  doubts,  an  approximate  sec- 
tion of  the  Huronian  series  (p.  172),  from  which  the  following 
statement  (omitting  interpolated  trap  beds)  is  condensed: 
6.  Quartzyte,  white  and  very  pale  sea-green,  with  beds  of  quartz 
conglomerate,  the  pebbles  generally  white  opaque  quartz, 
but  sometimes  red  and  green  jasper. 
5.  Green,  silicious,  chloritic  slates,  and  bands  of  quartzyte. 
4.  Slate  conglomerate. 
3.  A  band  of  limestone,  much  disturbed,  often  brecciated,  pale 

whitish  gray  to  dark  blue. 
2.  Slate  conglomerate,  matrix  always  greenish,  sometimes  slaty, 
sometimes  resembling  a  mas^ve,  fine  grained  greenstone; 
with  many  pebbles  of  white  and  red  syenite,  and  occa- 
sional rounded  masses  of  green,  brown  and  red  jasper. 
1.  Slate,  fine  grained,  green,  silicious  with  thin  bands  of  green 
quartzyte ;  also,  fine  grained  slates,  sometimes  greenish, 
often  bluish  or  black,  weathering  very  black;  occasionally 
some  layers  of  a  reddish  color. 
The  total  thickness  is  supposed  to  be  about  10,000  feet  (p.  186). 
The  dips  of  the  rocks  of  this  series  are  generally  under  45^,  but 
they  locally  vary  from  horizontal  to  90^.     The  strikes  vary  from 
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east  northeast  to  west  northwest.  It  appears  to  be  a  region  of  gen- 
eral distarbance.  *' An  immense  mass  of  magnetic  trap"  was  found 
on  White  Fish  lake.  This  is  about  midway  between  lake  Wah- 
napitaB  and  island  La  Cloche  in  lake  Huron,  this,  according  to 
Hunt's  analysis,  contains  "  magnetic  iron  ore/'  magnetic  iron  py- 
rites" and  "  titanif erous  iron."  These  facts  remind  one  of  the 
titaniferous  and  magnetic  gabbro  of  northeastern  Minnesota- 
Limestones  are  seen  on  the  shore  of  lake  Panache  (p.  183).  The 
eastern  extremity  of  the  La  Cloche  mountains  is  in  a  white  or 
greenish  quartzyte  (p.  185). 

Director  Logan's  report  dated  3d  March,  1857,  after  summarizing 
the  work  of  Mr.  Murray  for  the  last  five  years,  proceeds  to  trace 
the  limestone  beds  of  the  "  Lauren tian  Formation"  in  the  neighbor- 
hood of  Grenville  and  the  Calumet  river. 

In  a  paper  read  before  the  American  Association,  in  August, 
1857,*  by  Sir  William  E.  Logan  *'  On  the  Division  of  the  Azoic 
Bocks  of  Canada,  into  Huronian  and  Liurentian,"  he  speaks  of 
them  confidently  as  '*  a  series  of  very  ancient  sedimentary  deposits 
in  an  altered  condition."  He  refers  to  his  suggestion  of  1845,  to 
separate  the  purely  gneissoid  portion  from  the  portion  consisting 
of  interstratified  gneisses  and  limestones,  but  says  the  evidence 
does  not  permit  him  to  decide  certainly  which  division  is  most 
ancient. 

He  next  refers  to  what  was  published  in  the  report  of  1845,  rela- 
tive to  the  rocks  on  lake  Temiscaming,  consisting  of  silicious  slates 
and  slate  conglomerates,  overlaid  by  pale  sea-green  or  slightly 
greeuish-white  sandstone,  with  quartzose  conglomerates.  The 
slate  conglomerates  are  described  as  holding  pebbles  and  bowlders 
(sometimes  a  foot  in  diameter)  derived  from  the  subjacent  gneiss, 
the  bowlders  displaying  red  feldspar,  translucent  quartz,  graen 
hornblende  and  black  mica,  arranged  iu  parallel  layers  which  pre- 
sent directions  according  with  the  attitude  in  which  the  bowlders 
were  accidentally  inclosed.  From  this  it  is  evident  that  the  slate 
conglomerate  was  not  deposited  until  the  subjacent  formation  had 
been  converted  into  gneiss,  and  very  probably  greatly  disturbed  ; 
for  while  the  dip  of  the  gneiss,  up  to  the  immediate  vicinity  of  the 
slate  conglomerate,  was  usually  at  high  angles,  that  of  the  latter 
did  not  exceed  nine  degrees,  and  the  sandstone  above  it  was  nearly 
horizontal." 

"In  the  Report  transmitted  to  the  Canadian  Government  in  1848, 
on  the  north  shore  of  Lake  Huron,   similar  rocks  are  described  as 

*  Proe,  Amer,  Ansae.  Adv.  Sd.,  1857.  II,  pp.  44-47. 
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oonstituting  the  group  which  is  rendered  of  such  economic  importr- 
ance  from  its  association  with  copper  lodes.  This  group  consists 
of  the  same  silicious  slate  and  slate  conglomerates,  holding  pebbles 
of  syenite  instead  of  gneiss;  similar  sandstones  [quartzites?]  some- 
times showing  ripple  marks,  some  of  the  sandstones  [quartzites?] 
pale-red  green,  and  similar  quartzose  conglomerates,  in  which 
blood-red  jasper  pebbles  become  largely  mingled  with  those  of 
white  quartz,  and  in  great  niountain  masses  predominate  over 
them.  But  the  series  is  here  much  intersected  and  interstratified 
with  greenstone  trap,  which  was  not  observed  on  Lake  Temiscam- 
ing.  These  rocks  are  traced  along  the  north  shore  qI  Lake  Huron 
from  the  vicinity  of  the  Sault  Ste  Marie,  for  120  miles  east"  Sir 
William  Logan  continues,  and  indicates  the  existence  of  the  same 
formation  northeastward  130  miles  farther,  and  as  far  as  the 
Sturgeon  river.  The  genera]  bearing  is  northeast,  and  the  dip 
appears  to  be  almost  northwest. 

It  would  be  erroneous  to  suppose  that  director  Logan  intended, 
in  the  foregoing  citation,  to  say  that  the  gneiss  is  immediately 
"subjacent"  to  the  slate  conglomerate  containing  gneissic  ^'pebbles. 
No  contact  between  the  slate  conglomerate  and  the  subjacent 
gneiss  had  been  reported  and  it  was  impossible  to  affirm  that  the 
formation  here  described  was  chronologically  successive  to  the 
gneiss. 

''The  group  on  Lake  Huron/'  he  continues,  "we  have  computed 
to  be  about  ten  thousand  feet  thick,  and  f roqi  its  volume,  its  dis- 
tinct lithological  character,  its  clearly  marked  date  posterior  to  the 
gneiss,  and  its  economic  importance  as  a  copper-bearing  forma- 
tion, it  appears  to  me  to  require  a  distinct  appellation,  and  a  sep- 
arate color  on  the  map.  Indeed,  the  investigation  of  Canadian 
geology  could  not  be  conveniently  carried  on  without  it.  We  have, 
in  consequence,  given  to  the  series,  the  title  of  Huronian,'' 

"A  distinctive  name  being  given  to  this  portion  of  the  Azoic  rock, 
renders  it  necessary  to  apply  one  to  the  remaining  portion.  The 
only  local  one  that  would  be  appropriate  in  Canada  is  that  derived 
from  the  Laurentide  range  of  Mountains,  which  are  compobed  of  it 
from  Lake  Huron  to  Labrador.  We  have  therefore  designated  it 
as  the  Laurentian  series.* 

Thus  anew  meaning  was  given  to  the  term  "Laurentian  series," 
which,  since  1851,  had  included  all  the  Azoic  rocks. 

At  the  same  meeting  of  the  American  Association,  Sir  William 
Logan  read  a  paper,  "On  the  probable  subdivision  of  the  Lauren> 

*8ee  also,  Canadian  Journal,  1957,  ii,  430-442;  Canadian  Naturaliet  and  Otologic,  1857,  ii. 
266-256. 
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tian  series  of  rocks  in  Canada."*  He  described  two  beds  of  lime- 
stone which  he  had  traced  in  the  township  of  Grenville,  on  the 
Ottawa,  nmning  N.  N.  E.,  with  indications  that  they  belong  to  op- 
posite sides  of  an  overtnmed  synclinal,  with  anticlinals  of  gneiss 
and  quartz  running  parallel  on  the  north  and  the  south.  A  feat- 
ure of  these  and  other  outcrops  of  limestone  'Is  the  occurrence  im- 
mediately near  the  limestones,  of  immense  masses  of  lime-feld- 
spar. North  of  the  Argenteuil  band,  eight  miles  examined  across 
the  stratification,  consist  almost  entirely  of  it,  in  the  form  of 
Labradorite.  .  .  Lime-feldspar  is  abundant  at  St.  Jerome,  and 
its  stratified  character  is  conspicuously  displayed — ^the  beds  run- 
ning parallel  with  the  limestone.  Mr.  Hunt  has  traced  a  band  of 
crystalline  limestone  for  eleven  miles,  running  diagonally  across 
the  township  of  Bawdon,  in  a  north  bearing.  On  the  west  side  of 
this,  lime-feldspar  forms  the  great  bulk  of  the  rock  exposures  for 
twelve  miles  across  the  measures,  and  shows  a  well  marked  strati- 
fication." 

''In  Chateau  Richer,  below  Quebec,  a  band  of  limestone  occurs 
about  a  mile  from  the  fossiliferous  deposits,  and  to  the  northwest 
of  it,  lime  feldspars  present  a  breadth  of  eight  miles.  On  im 
island  near  Parry's  Sound,  on  Lake  Huron,  Dr.  Bigsby  observed 
the  occurrence,  in  situ,  of  the  opalescent  variety  of  Labradorite, 
and  the  name  of  the  mineral  reminds  us  of  the  existence  of  the 
rock  beyond  the  eastern  end  of  the  Province.  It  thus  appears 
probable  that  a  range  of  the  rock  wiU  be  found  winding  irregularly 
from  one  end  of  the  Province  to  the  other,  of  sufficient  importance 
to  authorize  its  representation  by  a  distinct  color  on  the  map,  and 
a  distinct  designation  in  geological  nomenclature."  f 

1860.  In  a  letter  to  M.  Barrande,  under  date  of  December  31, 
I860,;];  Sir  William  Logan  gives  an  exposition  of  the  fauna  of  the 
Quebec  group.  Toward  the  end,  he  notes  some  recent  observations 
which  led  him  to  qualify  previous  opinions  in  reference  to  the  age 
of  the  Lake  Superior  sandstone  : 

"Mr.  Murray  has  this  season  ascertained  that  the  lowest  rock 
that  is  well  characterized  by  its  fossils,  in  the  neighborhood  of 
Sault  Ste  Marie,  near  Lake  Superior,  really  belongs  to  the  Birdseye 
and  Black  Biver  group,  and  that  it  rests  on  the  sandstone  of  Ste 
Marie  and  Lacloche,  the  fossiliferous  beds  at  the  latter  place  being 

•Proe.  Amcr.  Assoc.,  1857,  Pt.  II,  47-51;  Canadian  Journal  1858,  II,  iii,  1-5;  Canad,  Natur. 
1867,11,270>274. 

tl>r.  J.  J.  Bigsby,  nevertheless,  has  recorded  the  opinion  that  the  Huronlan  and 
Lauren tlan  systems  are  intimately  related  in  lithological  character  and  conformable 
position.  The  reference  being  especially  to  the  north  shore  of  lake  Superior  {i^uar* 
Jour.  Qtol.  Soc.,  1863,  xix,  36-52). 

tCanadian  Naturalist  and  Otolootst,  ▼.  472-7. 
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tinged  with  the  red  color  of  the  Bandstone  immediately  below  them. 
These  underlying  Lake  Superior  rocks  may  thus  be  Galciferous 
and  Potsdam,  and  may  be  equivalent  to  the  Quebec  group  and  the 
black  colored  shales  beneath.  The  Lake  Superior  group  is  the 
upper  Copper-bearing  series  of  that  region  [consisting  of  3.  Pots- 
dam; 2.  Cupriferous;  1.  ''Slate  conglomerates"  etc.,  of  lake  Huronji 
and  rests  unconf ormably  upon  the  lower  Copper-bearing  series, 
which  is  the  Huronian  system  [as  identified  about  Lake  Superior] 
.  .  .  Professor  Emmons  has  long  maintained,  on  eyidence  that 
has  been  much  disputed,  that  rocks  in  Vermont,  which  in  June, 
1869,  I  for  the  first  time  saw  and  recognized  as  equivalent  to  the 
magnesian  part  of  the  Qaebec  group,  are  older  than  the  Birdseye 
formation ;  the  fossils  which  have  this  year  been  obtained  at  Quebec, 
pretty  clearly  demonstrate  that  in  this  he  is  right"* 

1863.  No  other  record  on  the  subject  of  pre-Silurian  rocks  ap- 
pears to  have  been  made  by  Sir  William  Logan  until  the  publica- 
tion of  the  Geology  of  Canada,  in  186B.  This  convenient  and 
copious  synopsis  of  Canadian  geology,  has  subsequently  been  cited 
for  authority,  instead  of  the  original  reports,  and  in  consequence 
geologists  have  fallen  into  some  misunderstandings."! 

''The  rocks  which  compose  the  Laurentian  mountains"  writes 
Sir  William  Logan,  '^  were  shown  by  the  Geological  Survey,  in 
1846,  to  consist  of  a  series  of  metamorphic,  sedimentary  strata 
underlying  the  fossiliferous  rocks  of  the  province.  .  .  .  They 
are  altered  to  a  highly  crystalline  condition,  and  are  composed  of 
highly  feldspathic  rocks,  interstratified  with  important  masses  of 
limestone  and  quartzite.  Great  vertical  thicknesses  of  the  series 
are  composed  of  gneiss  containing  chiefly  orthoclase  or  potash 
feldspar,  while  other  great  portions  are  destitute  of  quarbi,  and 
composed  chiefly  of  a  lime-soda  feldspar,  varying  in  composition 
from  andesine  to  anorthite,  and  associated  with  pyroxene  or  hyper- 
sthene.    This  rock  we  shall  designate  by  the  name  of  anorthositeJ'* 

It  can  hardly  be  said  that  the  survey  established  the  conclusion 
that  these  rocks  were  sedimentary  in  origin ;  but  it  pointed  out 

*This  remarkable  admission  is  alluded  to  by  M.  Barrande  in  these  words  "Terms 
so  clear  and  possitlve  need  no  commentary.  It  is  a  formal  recognition  by  Sir  W.  Logan 
of  the  Taconic  system  at  the  base  of  the  lower  Silurian.  Professor  Emmons  could  not 
wish  the  assent  of  a  more  respectable  authority,  which  cannot  fail  to  secure  the  adhe- 
sion of  all  American  geologists  ("Documens  anciens  et  nouveaux  sur  la  faune  pri- 
mordiale  et  le  syst^me  Taconique  en  Am^rique,  Bull.  Soc.  g^ol.  de  France,  Seance,  de 
Fev.  4, 1861,  p.  320),  Sir  William,  nevertheless,  said  only  that  the  shales  and  liraestones 
of  Quebec  and  Georgia  are  Hubordinaie  to  the  Potsdam— &  formation  which  Dr.  Emmons 
never  claimed,  though  as  we  have  seen,  he  consented  to  its  inclusion  in  the  Taoonlc. 

i.t  Report  of  Progress  from  Us  Commencement  to  1SH3.  Illustrated  by  496  wood  cuts  in  the 
text,  and  accompanied  by  an  atlas  of  maps  and  sections.  Montreal,  1863,  8-vo,  pp. 
xxvii  X  083. 
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frequently,  the  evidences  of  such  an  origin,  and  certainly  caused 
it  to  appear  probable.  The  anorthosite  rock  referred  to  above  in- 
cludes the  belt  of  Labradorite  described  in  1857,  which  was  made  the 
ground  of  an  '*  Upper  Laurentian"  or  '*  Labradorian  "  division.  Of 
this  division  nothing  is  said  in  the  general  report  of  1863.  Speak- 
ing of  the  orthoclase  gneiss,  the  writer  says  : 

"  A  great  portion  of  the  rock  is  fine  grained,  and  the  constituent 
minerals  are  arranged  in  parallel  layers  ;  no  one  constituent  pre- 
dominates in  any  layer,  to  the  exclusion  of  others ;  but  even  in  their 
subordinate  arrangement,  there  is  an  observable  tendency  to  paral- 
lelism. .  .  .  There  is  a  never-failing  constancy  in  respect  to 
their  parallelism  which,  however,  though  never  absent,  is  some- 
times obscure."  .  .  .  Ooarse-grained  beds  of  the  character 
designated  "granitoid  gneiss,"  **  might,  on  first  inspection,  be  mis- 
taken for  igneous,  instead  of  altered  sedimentary  masses.  Upon  a 
careful  study  of  any  such  mass,  however,  it  will  be  perceived  that 
this  reticulated  structureisaccompanied  by  an  obscure  arrangement 
of  the  meshes  of  the  net- work  into  parallel  lines  which  will  be 
found  conformable  with  the  more  distinctly  banded  portion  of  the 
strata"  (p.  23). 

"  The  greatest  masses  appear  to  be  formed  of  the  coarse-grained 
X>orphyroidal  gneiss  above  described.  These  rise  into  the  highest 
ridges  and  peaks  of  the  orthoclase  region,  and  generally  constitute 
the  main  body  of  rock  separating  one  important  band  of  limestone 
from  another.  .  .  .  The  quartz  occasionally  presents  masses  of 
considerable  volume,  two  of  which,  nearly  pure,  occur  in  the  dis- 
trict of  the  Bouge,  a  tributary  of  the  Ottawa,  one  400,  and  the 
other  600  feet  thick.  The  hornblende  often  forms  a  massive  rock; 
a  band  of  it  in  Blythfield  has  a  thickness  of  200  feet.  Mica,  as- 
sociated with  hornblende  and  with  quartz,  characterizes  great 
thicknesses  of  hornblende  and  micaceous  schists." 

**  Though  there  does  not  appear  to  be  any  special  order  in  which 
the  masses  succeed  one  another,  beds  of  hornblende  rock,  and 
hornblendic  schist  seem  often  to  be  more  abundant  near  the  inter- 
stratified  bands  of  limestone  than  elsewhere,  and  in  the  same 
neighborhood,  there  usually  occurs  a  more  frequent  repetition  of 
beds  of  quartzite  than  in  other  parts.  Near  the  limestones,  pyrox- 
ene, which  in  other  parts  does  not  appear  to  be  very  abundantly 
disseminated,  is  occasionally  met  with,  forming  massive  beds" 

(p.  24). 

The  writer  describes  the  distribution  of  garnets  in  the  gneiss, 
and  of  its  passage,  in  one  instance,  into  garnetiferous  quartzite. 
The  masses  of  limestone  are  described,  sometimes  becoming  inter- 
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stratified  dolomytes.  Serpentine  is  found  associated  with  both. 
Fyrallolite,  or  rensselaerite  often  accompanies  limestone;  and  py- 
roxene and  hornblende  are  sometimes  found  disseminated  in  grains 
or  crystals.  Tremolite  forms  beds  in  it.  Mica  and  graphite  are 
both  generally  present.  Pyrites  is  more  abundant  Other  min- 
erals are  chondrodite,  apatite,  fluorite  and  oxides  of  iron.  The 
gneiss  is  sometimes  greatly  contorted,  but  the  beds  of  associated 
limestone,  even  when  very  thin,  are  conformable  with  the  beds  of 
gneiss,  and  parallel  with  those  bands  and  streaks  with  which  they 
are  marked  (p.  27).  One  instance  has  been  noted  "where  the 
limestone  of  a  bed  marked  with  grains  of  serpentine,  appeared  to 
have  an  uninterrupted  connection  with  rock  of  an  identical  charac- 
ter filling  up  a  crack  or  fault  in  the  gneiss,  at  right  angles  to  the 
general  direction  of  the  strata"  (p.  28). 

In  a  section  measured  at  the  High  Falls  of  the  Madawaska,  a 
tributary  to  the  Ottawa,  here  presented  as  an  average  section,  there 
are  48  alternations  of  beds,  in  a  total  thickness  of  1351  feet.  In 
these,  limestones  occur  six  times,  giving  an  aggregate  thickness  of 
46  feet;  quartzyte  occurs  once,  in  a  bed  ten  feet  thick;  and  ''schis- 
tose gneiss*'  occurs  five  times,  giving  an  aggregate  thickness  of  116 
feeb  At  a  higher  position  in  the  series,  is  said  to  be  a  bed  of 
limestone  100  feet  thick.  At  the  Chenaux,  there  is  more  limestone 
than  gneiss — there  being  a  thickness  of  over  400  feet,  of  which  not 
one- fifth  is  intercalated  gneiss;  while  in  Clarendon,  similar  rocks 
reveal  "a  thickness  of  40U0  feet,  about  two-thirds  of  which  consists 
of  crystalline  limestone"  (p.  31). 
Another  phenomenon  of  collateral  interest,  is  thus  pointed  out: 
''Notwithstanding  the  general  highly  crystalline  condition  of  the 
Laurentian  rocks,  beds  of  an  unmistakably  conglomerate  character 
are  occasionally  met  with  among  them.  .  .  .  On  the  twenty- 
fourth  lot  of  the  tenth  range  of  Bastard,  a  bed  of  conglomerate 
is  interstratified  between  two  beds  of  limestone.    The  dip  of  the 

strata  at  the  spot  is  30°,  N.  50°  E."  The  following  is  a  condensed 
section: 

Feet.  Inoheft. 
7.    Limestone,  white,  coarse. 6 

6.    Limestone,  arenaceous,  fine,  very  hard 4 

5.    Saodstone,  oaloareouB,  fine. 2 

4.  Conglomeratet  the  matrix  a  fine  grained,  quartzoee 
sandstone  somewhat  calcareous,  with  white  feld- 
spar in  grains  and  pebbles.    Pebbles  flat,  lying 

on  their  sides 1         6 

3.    Quartzite,  caloAreouB-granular,  with  oaloite 2 

2.  Qoartzite,  coarse,  translucent-granular,  with  feld- 
spar and  lim(«tone 4 

1.    Limestone,  white,  coarse,  with  graphite  and  mica . .       6 


STATE  GEOLOGIST.  129 

In  Madoc,  conglomerate  occnrs  again,  with  calcareous  matter; 
and  in  a  higher  position  is  a  ridge  "consisting  of  micaceous  schists, 
beyond  which,  for  300  yards,  ridges  of  a  decided  conglomerate, 
with  distinctly  rounded  pebbles,  enveloped  in  a  matrix  of  micace- 
ous schist,  alternate  with  ridges  of  schist  containing  few  or  no 
pebbles."* 

"Still  farther  north,  another  band  of  conglomerate  occurs,  as- 
490ciated  with  fine  grained,  soft,  micaceo-silicious,  feldspathic  schist. 
The  matrix  of  the  conglomerate  weathers  white,  and  appears  to  be 
a  dolomite.  The  pebbles,  of  which  the  largest  may  be  six  inches 
in  diameter,  are  chiefly  quartz,  but  there  are  also,  pebbles  or  mas- 
ses of  feldspar,  and  a  few  of  calc-spar.  The  quartz  pebbles  are  for 
the  most  part,  distinctly  rounded,  and  their  colors  various,  some  being 
internally  bluish,  some  white,  and  others  pinkish.  The  feldspar  is 
red  and  white,  and  the  calcspar  white.  The  dip  of  the  rocks 
appears  to  be  southward  of  east,  but  the  slope  is  irregular,  and 
may  probably  be  35°  or  40°"  (p.  33. )t 

The  anorthosite  rocks  are  fully  described.  Their  bedding  is 
very  obscure,  but  they  occur  in  belts  conformable  with  the  lime- 
atones  and  the  orthoclase  gneisses.  The  hypersthene  rock  of  north- 
em  New  York,  and  of  the  Isle  of  Skye,  are  pronounced  of  the 
same  character.  Near  Bay  Saint  Paul,  is  a  mass  of  titaniferous 
iron  ore  in  the  anorthosite,  90  feet  in  width,  by  about  300  feet  in 
length  (p.  35.) 

The  following  is  a  synopsis  of  a  general  section  across  a  portion 
of  the  Laurentian  ( p.  45 : ) 

Feet. 
10.    Anorthosite  above  the  Morin  limeetone  (oonjeot- 

tural) 10,(XX> 

9.    Orthoolaee  gDeiss  (and  a  band  of  quartz) 3,400 

8.    Prook>r'B  Lake  limeetone 20 

7.    Orthoclase  gneiss 1,680 

6.    Qrenville  limestone 760 

6.    Orthoclase  gneiss 3,600 

L  Great  Beaver  Lake  and  Qreen  Lake  limestone. . . .  2,690 

a    Orthoclase  gneiss 4,000 

2.    Trembling  Lake  limestone 1,600 

L    Orthoolase  gneiss  of  Trembling  Mountain 6,000 

32,760 

*Mr.  Macfarlane  subsequently  describing  these  conglomerates,  says  they  are 
'*lithologlcally  not  unlike  some  of  the  Huronian  rock.*'  Whereupon,  Sir  W.  E.  Logan, 
In  a  note  replies:  **Itlsnotto  be  inferred  from  the  presence  In  them  of  a  schistose 
conglomerate,  that  therefore,  they  are  Uuronian**  {Oeotogy  of  Canada^  I860,  p.  03.) 

tSir  William  Logan  never  omits  mention  of  these  conglomerates,  when  having  oc- 
casion to  furnish  a  synopsis  of  the  Laurentian.  See,  for  instance,  his  announcement 
of  organic  traces  (Qwjur.Jour,  Oeol,  Soe.  Lond.,  Feb.  1865.) 
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In  reference  to  the  Haronian  series,  Sir  William  Logan  makes 
statements  from  which  the  following  extracts  are  drawn  (p.  90:) 

"On  Lake  Temiscaming,  the  Laurentian  orthoclase  gneiss  is 
followed  by  a  slate  conglomerate.  The  finer  parts  of  the  rock  are 
dark  gray,  weathering  to  dark  green;  they  are  of  a  uniform  grain, 
and,  being  at  the  same  time,  argillaceous  and  silicioos,  they  pres- 
ent the  characters  of  a  hard  compact  slate.  Some  parts  not  so  fine 
in  texture,  are  a  hard,  dark  gray  sandstone  weathering  to  a  dingy 
olive  green.  In  both  cases,  the  rock  frequently  exhibits  the  char* 
acter  of  a  compact  conglomerate,  holding  pebbles  and  bowlders, 
sometimes  a  foot  in  diamater,  of  the  subjacent  gneiss,  from  which 
they  appear  to  be  principally  derived."* 

Some  other  conditions  of  the  formation  are  described  as  finer 
textured,  penciled  in  transverse  fracture  by  fine  colored  lines;  an- 
other as  a  "very  close  grained,  compact,  dark  gray  mica  slate. 
When  cleavage  exists,  the  planes  cat  the  pebbles  in  common  with 
the  matrix."  It  is  never  fit  for  roofing  slates.  To  this  slate  conglom- 
erate succeeds  a  quartzyte,  apparently  400  to  500  feet  thick. 

"On  the  Sturgeon,  Wahnapitse  and  Whitefish  rivers,  there  is 
usually  interposed  between  the  Laurentian  gneiss  and  the  recog- 
nized fiuronian  rocks,  a  mass  of  rattier  coarse  grained  greenstone 
or  diorite." 

The  general  section  in  the  region  of  these  three  rivers,  north- 
east of  lake  Huron,  and  stretching  to  lake  Wahnapitee — is  repre- 
sented by  the  following  abstract  (p.  52): 

5.  Quartzite,  white  and  greenish,  with  beds  of  quartz  conglom- 
erate. 

4.     Slate  conglomerate. 

3.     Limestone,  much  shattered  and  disturbed. 

2.     Slate  conglomerate. 

1.  Silicious  strata,  fine  grained,  with  greenish  quartzite  inter- 
stratified. 

In  the  regioQ  nearer  lake  Huron,  and  along  the  northern  shore 
westward,  lies  the  typical  part  of  the  Huronian.  As  to  its  relations 
withthe  Laurentian,  we  have  from  the  Canadian  geologists,  only 
the  following  information  (p.  55): 

"On  the  coast  line,  between  the  Mississagui  and  the  Thessalon 
rivers,  a  distance  of  about  25  miles,  the  gneiss  extends  from  within 

•But  It  will  be  rcmcmlH»r©d  that  no  ooiitaot  lH»twecn  thi»>*e  so-called  coii)?loniorate> 
and  the  older  gneisses  had  been  observed :  nor  has  It  to  this  day.  Nor,  If  such  olwerva- 
tloii  had  been  made,  would  the  circumstance  prove  these  "conglomerates"  In  Immedi- 
ate chronological  succession  to  the  gneiss.  PaUeoxolc  limestones  were  frequently  ob- 
s€»rved  resting  on  gneiss.  In  the  v>rogii*ss  t)f  the  Canadian  survey.  The  pebbles  In  this 
conglomerate  may  have  been  derived  from  the  gneiss,  and  laid  down  on  the  gneiss, 
after  the  interposition  of  tile  events  of  a  giH)logic  age  of  land  historv. 
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about  four  miles  of  the  former,  to  within  about  the  same  distance 
of  the  latter;  bat,  it  is  very  much  disturbed  by  intrusive  granite  and 
greenstone,  and  although  there  are  great  exposures  of  rock,  it  is 
very  difficult  to  make  out  how  the  stratified  portions  are  related  to 
one  another.  The  gneiss  extends  to  the  vicinity  of  a  small  stream, 
about  a  mile  and  a  half  above  Les  Orandes  Sables,  and  what  is 
supposed  to  be  the  lowest  Hurohian  mass  of  that  part,  occurs 
about  half  a  mile  above  the  stream.  It  consists  of  a  gray  quartzite 
which  abuts  against  one  mass  of  gneiss  and  runs  under  another , 
and  appears  to  be  much  broken  by,  and  entangled  among,  the  in- 
trusive rock;  but  judging  from  a  transverse  measure  in  one  part, 
its  thickness  would  not  be  far  from  500  feet  Farther  west,  after 
passing  an  exposure  of  stratified  amygdaloidal  trap,  which  would 
apparently  overlie  the  [this]  quartzite,  the  rocks  for  about  two 
miles  east  of  the  Thessalon,  appear  to  consist  of  green,  finegrained 
chloritic  and  epidotic  slate  [* 'diabase  slate"]  alternating  with 
masses  that  have  the  aspect  of  trap." 

The  following  is  an  abstract  of  the  general  section  in  this  region 
(pp.  55-7): 

Feet. 

13.  White  quartzite 400 

12.  Yellowish  chert  and  impure  limestone 200 

IL  White  quartzite,  frequently  vitreous 1,500 

10.  Yellowish  chert,  with  thin  and  very  regular  beds. .     400 

9.  White  quartzite,  frequently  vitreous 2,970 

8.  Bed  jasper  conglomerates.    Sometimes  fine  white 

quartzite.    Greenstones  intercalated 2,160 

7.  Bed  quartzite  with  interstratified  greenstones 2,300 

6.  Slate  conglomerate  with  interstratified  greenstones  3,000 

5.  Limestone,  compact,  green,  drab  or  gray,thin  bedded     300 

4.  Slate  conglomerate  [as  previously  described]. 14280 

3.  White  quartzite,  sometimes  pebbly 1,000 

2.  Chloritic  and  epidotic  slates  [probably  eruptive]. . .  2,000 

1.  Qray  quartzite,  thickness  doubtful 500 

18,000 

It  wUl  be  desirable  to  contemplate  the  above  section  separately 
from  the  section  of  **Hnronian"  rocks  reported  from  the  north  shore 
of  lake  Superior.  It  is  quite  possible  that  the  two  sections  relate 
to  rocks  belonging  to  different  geological  ages. 

**  On  lake  Superior,  the  Laurentian  gneiss  is  succeeded  by  slates 
generally  of  a  dark  green  without,  and  often  of  dark  gray  in  fresh 
fracture,  which  at  the  base  appear  occasionally  to  be  interstratified 
with  beds  of  a  feldspathic  character,  of  the  reddish  color  belonging 
to  the  subjacent  gneiss.     Sometimes  these  beds  are  a  combination 

"10 
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of  feldspar  and  qaartz,  ocoasionally  with  the  addition  of  hornblende 
and,  in  some  of  the  beds,  the  hornblende  predominating,  gives 
them  a  general  green  color.  Some  of  the  beds  have  the  charaoter 
of  diorite ;  others,  that  of  mica  slate,  and  a  few  present  that  of 
quartzite"  (p.  52). 

These  seem  to  be  identical  with  the  lowest  rooks  of  the  iron- 
bearing  series  of  Vermilion  lake,  a  part  of  Lawson's  Keewatin. 
They  exhibit  the  well- known  transition  from  Lanrentian  gneiss  to 
crystalline  schists.    The  mica  schist  is  '*  nascent." 

**  Bising  in  the  series,  the  dark  green  slates  become  interstratified 
with  layers  holding  a  suflScient  number  of  pebbles  of  different 
kinds,  to  constitute  conglomerates.  The  pebbles  appear  to  be  all 
derived  from  altered  rocks ;  they  greatly  vary  in  size  in  difiFerent 
places,  and  occHsionally  measure  a  foot  in  diameter.  Where  the 
slate  conglomerates  have  been  worn  by  the  action  of  water,  the 
pebbles  are  generally  worn  down  equally  with  the  rest  of  the  surface; 
and  though  a  very  distinct  picture  of  them  is  presented  on  such  a 
surface,  where  the  water  or  weather  appears  to  have  had  an  influ- 
ence in  bringing  out  a  well  defined  contrast  in  colors  between  the 
pebbles  and  the  slate,  at  the  same  time  producing  a  contrast  be- 
tween parallel  bands  of  the  slate  on  the  terminal  edges  of  the 
laminsB,  it  yet  often  happens,  unless  the  pebbles  are  of  white 
quartz,  that  they  are  very  obscurely  distinguishable  on  fracturing 
the  rock  —  both  the  pebbles  and  the  matrix  having  a  gray  color, 
and  showing  very  little  apparent  difference  in  mineral  charaoter. 
On  some  of  these  pictured  surfaces,  small  opaque,  white  feldspathio 
crystals  occasionally  spot  the  whole  surface  of  the  rock  —  the  peb- 
bles equally  with  the  slaty  matrix.  The  rock  has  nowhere  on  the 
lake  been  observed  to  display. true  slaty  cleavage,  independent  of 
the  beddiog ;  but  it  often  exhibits  a  jointed  structure,  and  the  di- 
visional planes  cut  through  the  pebbles  without  the  smallest  deflec- 
tion."* (pp.  52  and  53). 

It  is  impossible  to  identify  this  description  with  the  description 
of  the  Huronian  rocks  north  of  lake  Huron.  There  are  some  cir- 
cnmstances  which  readily  explain  the  course  taken  by  the  Canadian 
geologists,  but  the  identification  made  as  early  as  1848,  has  perpet- 
uated misconceptions,  and  bred  unintelligible  confusion.  I  have 
some  confidence  that  we  may  be  near  the  solution  of  the  puzzle. 

*  The  whole  of  the  above  description  applies  exactly  to  the  lower  part  of  the  **Oglah- 
ke  Conglomerate,'*  on  the  shores  of  Ogishke  Muncle  or  Kingfisher  lake,  in  Ulnnesota, 
eighty  miles  west  of  Thunder  bay.  I  shall  return  in  the  sequel,  to  a  discussion  of  this 
identification.  The  stratigraphlcal  position  of  the  **  Oglshke  Conglomerate  **  has  been 
in  doubt ;  but  if  this  paraUellsm  is  correct.  It  belongs  near  the  bottom  of  the  Vermil- 
ion lake  iron-bearing  schists. 
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The  same  basal  slaty  conglomerate  occurs  at  other  points  along 
the  north  shore. 

'*  A  considerable  thickness  of  these  conglomerate  or  pebbly  slates, 
is  exposed  at  the  month  of  the  river  Dor6,  near  Gros  Cap,  about 
five  miles  above  the  mouth  of  the  Miohipicoten  river.  The  strike 
of  the  rock  is  very  regular,  being  about  east  and  west,  while  the 
dip  is  highly  inclined,  the  beds  being  not  more  than  from  ten  to 
(fifteen  degrees  from  a  vertical  attitude ;  but  the  slope  is  for  part  of 
'the  distance,  to  the  north,  and  for  the  remainder,  to  the  south ; 
there  is  not,  however,  supposed  to  be  any  repetition  of  the  mea- 
sures, which  are  given  in  descending  order"  (p«  53). 

Feet. 

21.    Green  slate  rock,  with  a  few  scattered   pebbles 

through  some  parts  of  it,  in  other  parts  con- 

glomeratic ;  the  sedimentary  layers  not  distiootiy 

marked;  rock  with  a  jointed  structure;  joints 

cutting  straight  through  the  pebbles iO 

20.    Green  pebbly  slate ;  edges  of  laminsB  well  marked, 
producing  a  ribboned  appearance;  pebbles  chiefly 

gneiss,  granite  or  syenite 300 

19.    Green  slate  rock  similar  to  20  and  21 650 

18.    Green  pebbly  slate 170 

17.    Measures  covered  by  sand 90 

16.  -Green  slaty  conglomerate,  with  large  pebbles  of 

igneous  or  altered  rook 16 

15.    Green  slate  rook  with  many  pebbles 30 

li.    Green  slate  with  finer  pebbles 40 

13.    Green  slate  rock,  with  scattered,  large  pebbles ....        10 

'     12.    Green  slate  rook,  like  13 130 

11.    Green  slate  conglomerate,  with  boulders  sometimes 

a  foot  in  diameter,  in  a  slaty  matrix 6 

10.    Measures  concealed  by  sand 30 

9.    Green  slate  rook  with  many  pebbles 80 

8.    Green  slrtte  rook  with  pebbles 80 

7.  Measures  concealed  by  sand 20 

6.    Green  slate  rock,  very  pebbly,  sedimentary  layers 

finely  waved,  water  worn  surface  maoh  pitted. . .  30 
6.    Green  slate  rook,  bedding  very  even,  appears  to  be 

somewhat  taloose  toward  the  top 20 

4.    Green  slate  rock  like  5 15 

8.  Green  slate  rock  with  even  bedding,  slightly  unctu- 

ous and  talooid  in  several  of  the  divisions 20 

2.    Green  slate  rook,  a  few  scattered  pebbles  in  parts, 

flattened  in  direction  of  the  strata 90 

1.  Green  slate  rook  with  large  pebbles  and  small 
boulders  of  granite  or  gneiss,  quartz  and  a  chert- 
like  stone  (p.  54} 35 

1,700 
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The  foregoing  section  is  almost  a  continuous  **  slate  conglome- 
rate," or  pebbly  slate,  and  but  for  the  so-called  "taloose"  matter, 
might  hastily  be  identified  with  the  slate  conglomerate  of  the  Thes- 
salon  valley.  But,  as  will  be  shown,  it  is  a  different  slata  The 
descriptions  again  apply  to  the  Ogishke  conglomerate.  In  Minne- 
sota, this  conglomerate  is  only  one  member  of  the  iron-bearing 
series.    In  accordance  with  that  fact,  Sir  William  Logan  adds : 

**  At  the  Dor^,  a  much  larger  amount  of  the  slate  formation  than 
is  here  given  comes  in  behind  the  preceding  section  ;  but  it  was  so 
covered  with  trees  and  moss,  at  the  time  of  the  examination,  that 
it  was  found  impossible  to  follow  out  the  details.  Toward  the 
lower  part,  it  assumes  more  the  character  of  the  gneiss  which 
usually  succeeds  it,  and  becomes  interstratified  with  reddish-yellow 
feldspathic  layers ;  but  sufficient  data  have  not  yet  been  ascertained 
to  determine  what  may  be  the  total  thickness  of  the  slate  rock  in 
.this  part,  though  it  must  probably  attain  several  thousand  feet  ** 
(p.  54). 

Other  localities  on  lake  Superior  where  slate  conglomerates  and 
jasper  conglomerates  occupy  a  similar  .position,  are  between  the 
Goulais  river  and  Batchewahnungbay.  The  same  seem  to  extend 
along  the  shore  of  the  Michipicoten  river,  on  each  side,  eight  or 
nine  miles.  '  It  occurs  also,  a  little  farther  west  on  the  coast,  and 
again  about  five  miles  south  of  Otter  Head  (p.  63). 

"Another  locality  is  Thunder  bay,  where  they  occupy  the  coast 
for  a  distance  of  ten  miles,  immediately  below  the  mouth  of  the 
Kaministiquia  river,  on  the  north  side,  leaning  in  a  narrow  *  strip 
against  the  gneiss  of  the  lower  series.  It  is  not  improbable  that 
they  may  present  a  narrow  belt  in  the  valley  of  the  Kaministiquia 
They  occupy  the  coast  foi  about  seven  miles  on  each  side  of  the 
New  Pic  river;  while  an  interval  from  this  to  a  point  two  miles  be- 
yond the  Old  Pic  river,  including  the  coast  of  Peninsula  Bay  and 
Harbor,  and  Pic  island,  is  composed  of  trap.  Beyond  this,  the 
chloritic  slates  occupy  about  fifteen  miles  of  the  coast,  extending  to 
the  neighborhood  of  the  deep  cove  which  receives  the  Pike  river*^ 

(p.  64). 

A  characteristic  feature  of  the  Keewatin  iron-bearing  series  ia 
indicated  in  the  description  of  the  junction  of  these  rocks  with  the 
gneiss  on  the  Kaministiquia  river,  in  the  vicinity  of  the  Grand 
Falls: 

*'At  the  lower  end  of  the  portage,  where  the  series  makes  its  ap- 
pearance, the  rock  resembles  a  massive  syenite,  in  some  parts  red, 
and  in  others,  whitish,  but  is  probably  a  homblendic  gneiss  in 
which  the  lamellar  arrangement  of  the  constituent  minerals  ia 
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obBonre,  as  the  rook  gradaally  passes  into  saoh  a  gneiss.  Besting 
on  it  conformably^  there  oconrs  a  series  of  dark  greenish  blue,  or 
greenish  black  slates,  the  one  rook  passing  almost  imperceptibly 
into  the  other.  .  .  At  each  rapid  part  of  the  river  above  the 
Grand  Falls,  there  is  a  greater  or  less  development  of  these  rooks, 
most  frequently  presenting  the  more  distinctly  stratified  part  of  the 
gneiss.  The  best  exposure  of  the  slate  is  at  the  Three  Discharges, 
about  four  miles  above  the  Grand  Falls,  where  the  rooks  are  ob- 
served to  pass  from  the  gneiss  to  the  slate."  The  vertical  thickness 
at  this  place  is  about  2,300  feet. 

"Toward  the  bottom,  near  the  junction  with  the  gneiss,  the  slates 
are  of  a  bluish  and  occasionally  of  a  brownish  color.  They  are 
intersected  by  numerous  parallel  joints  which  divide  the  mass 
into  rhomboidal  forms  of  singular  regularity.  The  middle  and 
upper  portions  of  the  section  are  usually  of  a  pistachio  green,  re- 
sembling the  green  of  epidote,  and  frequently  in  part  present  a 
jaspery  character.  They  are  hard  and  compact,  usually  with  a 
oonchoidal,  but  sometimes  with  a  splintery  fracture.  The  divisional 
planes  are  frequently  covered  with  mica,  and  in  such  cases,  the 
rook  may  almost  be  termed  a  mica  slate"  (p.  65).  Similar  rocks 
continue  as  far  as  Dog  lake. 

The  foregoing  description  applies  perfectly  to  the  passage  from 
the  iron-bearing  formation  to  the  gneisses,  as  observed  in  a  hun- 
dred places  in  northeastern  Minnesota.  No  structural  unconform- 
ity exists,  as  a  fact  of  present  observation.  It  is  not  intended  to 
assert,  however,  that  it  never  existed. 

The  schjsts  observed  along  the  north  shore  of  lake  Huron,  in 
which  the  Bruce  and  Wellington  and  Wallace  mines  were  worked, 
constitute  Logan's  ''Lower  Copper-bearing  series."  As  these  were 
identified  with  the  series  of  slates  just  described,  they  were  also 
made  to  represent  the  Lower  Copper-bearing  series.  Neither  series 
oould  be  identified  with  the  copper  rocks  of  the  south  shore  of 
lake  Superior.  But  as  those  rocks  were  observed  on  the  north 
shore  at  a  higher  stratigraphic  level,  they  were  demoninated  by 
Logan  the  ''Upper  Copper-bearing  rocks."  But  in  thus  fixing  par- 
allelisms, he  strangely  overlooked  the  importance  of  a  series 
between  the  proper  Cupriferous  rocks  above  and  the  pseudo-Cuprif- 
erous rocks  below.  These  were  the  real  Lower  Copper-bearing 
rocks,  though  Logan  joined  them  to  the  Upper,  or  south  shore 
Oupriferous.  His  treatment  of  the  so-called  "Upper  Cupriferous 
rooks"  will  appear  from  a  few  extracts. 

"The  Huronian  formation  of  Lake  Superior  [the  real  iron*bear« 
ing  series]  is  unconformahly  overlaid  by  a  second  series  of  oopper* 
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bearing  rocks,  wbich  may  be  conyeniently  dmded  into  twogronpa. 
Of  these  the  lower  consists  of  bhiish  slates  or  shales  interstratified 
with  sandstones  and  beds  of  columnar  trap;  and  the  upper,  of  a 
succession  of  sandstones,  limestones,  indurated  marls  and  conglom- 
erates, also  interstratified  with  trap  which  is  often  amygdaloidal'* 
(p.  67). 

The  following  is  a  characterization  of  the  lower  group  of  the^ 
Upper  Copper- bearing  series,  (p.  67): 

"The  base  of  the  formation  where  seen  in  Thunder  Bay,  in  con- 
tact with  the  subjacent  green  slates  or  slate  conglomerates,  presenta 
conglomerate  beds  probably  of  no  great  thickness,  composed  chiefly 
of  quartz  pebbles,  with  a  few  of  red  jasper,  and  some  of 
greenish,  chloritic  slate,  in  a  greenish,  arenaceous  matrix^ 
consisting  of  the  same  materials  in  a  finer  condition.  These 
are  followed  by  a  set  of  very  regular,  even  layers  of  chert^ 
sometimes  approaching  a  chalcedony,  varying  in  color  from 
nearly  white,  through  different  shades  of  gray  to  black,  and  in 
thickness,  from  lees  than  half  annnch  to  six  inches,  and  even  a  foot 
These  are  separated  from  one  another  by  thin  layers  of  dark  gray 
dolomite,  weathering  rusty-red  and  present  a  striking  ribbon-like 
appearance.  Occasionally,  thicker  beds  of  dolomite  occur,  some- 
times highly  crystalline,  separating  aggregated  bands  of  the  ribbon- 
like strata;  and  tbese  dolomitic  beds,  as  well  as  the  chert  bands,, 
are  sometimes  interstratified  with  argillaceous  layers"  (p.  67). 

"In  the  vicinity  of  disturbed  parts,  the  chert  sometimes  passes 
into  chalcedony  and  agate,  and  small  cracks  are  filled  with  what 
appears  to  be  anthracite.  Some  of  the  chert  bands  appear  to  be 
made  up  of  a  multitude  of  minute,  irregular,  closely  aggregated,, 
sub-globular  bodies,  floating  as  it  were,  in  the  silicious  matrix. 
Anthracite  seems  to  be  present  in  the  centre  of  some  of  these,  lead- 
ing to  the  supposition  that  the  color  of  the  black  chert,  even  where 
these  shapes  are  not  detected,  may  be  owing  to  the  presence  of 
carbon.  In  some  parts  of  these  ot^litic  chert  layers,  small  blood- 
red  jasper  spots  occasionally  become  interstratified  with  the 
black.  • 

''Higher  in  the  formation,  argillaceous  slates  become  interstrati- 
fied with  argillaceous  sandstones  in  such  an  ealterd  condition  that 
it  is  often  diflScult,  at  first  sight,  to  say  whether  the  latter  may  not 
be  trap  layers.  .  .  In  some  parts  of  the  vertical,  thickness,  cal- 
careous layers  are  occasionally  interstratified  among  the  slates,  but 
few  of  them  are  pure  enough  to  be  entitled  to  the  appellation  of 
limestones.  .  .  ''On  the  Kaministiquia,  the  lowest  part  of  the 
formation  occurs  near  Grand  Falls.    Its  immediate  junction  witb 
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the  rock  on  whioli  it  rests  is  oonoealed  from  view.  .  .  The  ar- 
gillaoeotis  strata  visibly  reach  to  within  a  short  distance  of  the 
pond  [in  which  the  junction  is  supposed  to  occur]  (p.  68). 

''The  general  color  of  the  rock  is  here  black,  weathering  to  a 
msty  brown.  Some  of  the  beds  being  soft  and  shaly,  are  easily 
decomposed  by  atmospheric  influences,  while  the  mass  is,  for  the 
most  part,  a  hard  argillaceous  slate.  The  whole  formation  appears 
to  be  more  or  less  calcareous,  and  among  the  lower  members,  thin 
beds  of  magnesian  limestone  occur,  sometimes  alternating  with 
thin  beds  of  black  chert"  (  p  68-9 ) . 

'In  Thunder  bay,  and  on  the  coast  above  it,  trap  bands,  conform- 
able with  the  stratification,  are  interstratified  in  several  parts  of 
the  formation,  but  they  occur  in  greatest  thickness  toward  the 
bottom,  not  far  above  the  chert-beds,  and  at  the  summit,  overlying 
the  whole  of  the  mass. .  .  In  all  cases,  the  trap  presents  a  very  strik- 
ing sub-columnar  structure  at  right-angles  to  the  plane  of  the  strati- 
fication; and  the  crowning  overfiow  gives  a  peculiar  aspect  to  the 
whole  region  occupied  by  the  formation  to  which  it  belongs.  The 
overfiow  is  from  200  to  300  feet  thick,  and  the  whole  of  the  associ- 
ated rocks,  to  the  base  of  the  formation,  may  possess  a  volume  of 
between  1,500 aotd  2,000  feet."  (pp.  69,  70). 

The  foregoing  is  a  good  description  of  the  black  slates 
and  the  slate-conglomerate  of  the  so-called  Huronian  series 
north  of  lake  Huron.  In  the  latter  region,  columnar  trap' 
(or  gabbro)  dd^  not  constitute  a  persistent  "crowning  overflow",  as 
far  as  the  descriptions  given  by  the  survey  indicate,  but  interbed- 
ded  traps  are  present,  and  the  lithological  characters  of  the  form- 
ation— the  black  shale,  the  cherty  and  flinty  layers,  the  oOlitic 
structure,  the  even  beds,  the  proximate  horizontality— and  no  other 
known  formation  about  lake  Superior  presents  any  close  resem- 
blance to  the  Huronian  strata.  These  black  slates  of  Thunder  bay, 
moreover,  are  now  known  to  extejd  westward  into  Minnesota,  and 
to  overlie  unconformably  a  mass  of  vertical,  sub-crystalline  schists 
in  the  same  manner  as  at  Thunder  bay. 

As  to  the  upper  group  of  the  Upper  Copper-bearing  series,  little 
needs  to  be  said  here,  as  this  is  the  well  known  Cupriferous  series 
of  the  south  shore,  consisting  chiefly  of  intercalated  beds  of  sand- 
stone, conglomerate  and  trap,  with  occasional  beds  of  limestone, 
and  attaining  an  aggregate  thickness  of  6,000  to  10,000  feet  The 
trap  is  often  amygdaloidal,  and  native  copper  occurs  in  irregular 
grains  and  strings  and  masses  up  to  ten  pounds  in  weight  Sir 
William  Logan's  discussion  of  this  formation  does  not  possess 
theoretical  significance. 
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In  an  appendix  to  the  report  of  1863,  Sir  William  Logan  statea 
that  ''the  Taconic  system  of  Emmons,  which  he  supposed  Ho  be  a 
distinct  series  of  rocks  more  ancient  than  the  Potsdam,  appears  to 
consist,  for  the  greater  part  at  least,  of  the  strata  of  the  Potsdam 
and  Quebec  groups.  The  Upper  Copper-bearing  rocks  of  lake 
Superior  are  regarded  as  occupying  the  position  of  the  Quebec 
group,  to  which  they  bear  some  resemblance  in  lithological  and 
mineralogical  characters.  They  may,  perhaps,  include  the  Pots- 
dam group."*    [Compare  the  views  of  Foster  and  Whitney.] 

'The  following  is  a  summary  of  Sir  William  Logan's  successive 
views  on  the  classification  of  the  Azoic  rocks  of  Canada: 

DIVISIONS  OP  ARCHiEAN  ROCKS  RECOGNIZED  BY  LOGAN.'       Publicatiok. 


Lower  Group. 
Gneiss,  Mica  slate. 


.Metamorphlc  Scries '1845. 

Upper  Groap  (Lake  Sup).  11846. 

Quartz  rock,  etc.  Ll847. 


Gneiss,  etc. 


, Granitic  or  Metamorphlc  Group "(1848)  1860. 

.Metamorphlc  or  Gnelssold  Group (1849)  1830. 

Metamorphlc  Group '  1851. 


Laurentian  Formation 
Laurentlan  I  Upper  Laurentian. 

j     or  Labradorlan. 
Laurentian. 


Laurentian  Series. 


I  Cambrian, 
Laurentian    Series. 


Huronian  Series  (Murray). 


Iluronlau. 
Huronian. 
(Lower  Cop- 
per bearing^ 
rocks.) 

Huronian 
Series. 


Upper  Copper-" 
bearing  r(K*ks. 


Upper  Copper- 
bearing  rocks. 

(Quebec  jrroup) 
Upper 


Lower 
group 


group 


(1851)  1852. 

(1852)  1854. 

(185:j-7)  issr* 

1857. 


(1663). 


1866. 


Note.— Dates  of  presentation  of  reports  are  placed  in  parentheses. 

One  of  the  important  features  of  the  volume  on  the  Geology  of 
Canada,  1863,  was  the  introduction  of  the  "Quebec  Group,"  sup- 
posed to  be  a  group  of  strata  occupying  a  position  between  the 
characteristic  part  of  the  Calciferous  and  the  Hudson  Biver  shales, 
and  specially  investigated  in  the  vicinity  of  Quebec.  Sir  William 
Logan  was  so  good  a  physical  geologist  that  when  he  had  given  his 
sanction  to  the  proposal,  a  strong  predisposition  was  given  to 
American  opinion.  Thus  the  Quebec  group  had  the  sanction  of 
James  Hall,  E.  Billings  and  T.  8.  Hunt,  and  found  admission  to  the 
second  edition  of  Dana's  '^Manual  of  Geology."  We  have  seen, 
however,  what  misgivings  on  the  subject  were  entertained  by  pro- 
fessor Hall,  and  how  he  permitted  his  respect  for  Sir  William 
Logan  to  compromise  his  own  palsBontological  convictions.  The 
''Group"  remained  a  stumbling-block  and  an  enigma  in  American 
geology  until,  failing  in  prestige  during  the  last  decade,  it  received 
its  final  coup  de  grace  at  the  hands  of  the  Survey  itself,  in  1889.t 

•Geology  of  Canada,  1863,  p.  934. 

tSecond  Beport  on  the  Geology  of  a  portion  of  the  Province  of  Quebec.  R.  W.  Ells. 
Geol.  Sur.  Canada,  AnnwU  Report.  1887-88.  Montreal  1880. 
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It  would  be  profitless  to  pursue  the  history  of  an  opinion  which 
has  already  lost  its  hold  on  credence,  even  if  were  the  purpose  of 
the  present  memoir  to  deal  with  discussions  exclusively  palsBonto- 
logical.  But  the  rocks  have  been,  in  some  regions,  so  confounded 
with  those  of  the  so-styled  Taconic,  that  the  investigation  of  the 
latter  involves  a  review  of  opinion  on  the  former.  For  the  con- 
venience of  the  student,  therefore,  the  titles  of  the  principal  papers 
bearing  on  the  discussion,  ar>  here  appended* 

♦1861.    Logan,  Sir  W.  E. 

In  "Correspondence  of  Joachim  Barrande.  Sir  William  Logan  and  James  Hall. 

on  the  Taconlc  System,  and  the  Age  of  the  Fossils  found  in  the  Bock  of 

northern  New  England  and  the  Quebec  Group  of  Rocks."  Amer.  Jour.  Set. 

II,  xxxl.  210-226. 
1862.    Logan,  W.E. 

Determination  of  Age  of  Quebec  Rocks.  Amer.  Jour.  Sci.,  II,  xxxlll,  105-6. 

1862.  Logan,  W.E. 

Considerations  relating  to  the  Quebec  Group  and  the  Upper  Copper-bearing 
Rocks  of  Lake  Superior  (Read  before  Montreal  Nat.  Hist.  Soc.),  Amer.  Jour. 
Sci.,  II,  xxxlll,  320-327. 

1863.  Logan,  W.  E. 

The  Quebec  Group.    Otology  of  Canada,  1863.  pp.  225-397. 
1863.    Logao,  Sir  W.  E. 

Letter  addressed  to  Mr.  Joachim  Barrande,  on  the  Quebec  Group  at  Point  Ldvls. 
Montreal,  pp.  1-14.    Reprinted,  Amer*  Jour,  Sci.,  II,  xxxvl,  366-377. 

1886.  Logan,  Sir  W.  E. 

The  Quebec  Group  and  its  Divisions.    Canada  Report,  1863-6,  pp.  4-6. 
1866.    Richardson,  James. 

Divisions  of  the  Quebec  Grouo.    Canad.  Rep.,  1863-6,  pp.  29-34. 

1870.    Richardson,  James. 

Report  on  the  South  Shore  below  Quebec  [Rocks  of  the  Quebec  Group].  Canad. 
Rep.,  1866-1809,  pp.  lltf-149. 

1873.  Selwyn,  A.  R.  C. 

Note  of  a  Piellmlnary  Geological  Reconuolssance  from  Lake  Superior  by  the 

English  and  Winnipeg  rivers  to  Fort  Garry  [Compar6d  with  Quebec].  Catutd. 

Rep.  for  1872-3,  pp.  8-18. 

1879.    Selwyn,  A.  R.  C. 

Report  of  Observations  on  the  Stratigraphy  of  tne  Quebec  Group  and  the  Older 

Crystalline  Rocks  of  Canada.    Canad.  Rep,,  1877-8,  A,  pp.  1-15. 

1883.  Adams,  Frank  D. 

Notes  on  the  Microscopic  Structure  of  some  Rocks  of  the  Quebec  Group.  Canad. 

Rep.,  1880-82,  A,  pp.  8-23. 

1887.  Ells,  R.  W. 

Report  on  the  Geology  of  a  portion  of  the  Eastern  Townships  of  Quebec.  Canad. 
Rep.  2cl  Ser.  Vol.  II,  1886,  J,  pp.  1-70. 

1888.  Ells,  R.  W. 

Second  Report  on  the  Geology  of  a  portion  of  the  Province  of  Quebec.    Canad. 
Rep.  1887-8,  Vol.  Ill,  Pt.  1.  K,  pp.  1-120. 
1890.    Ells,  R.  W. 

The  Stratigraphy  of  the  Quebec  Group    Bull.  G€*>1,  S<k.  Amer.,  I.  453-468. 
1800.    Bralnerd,  Ezra  and  Henry  M.  Beely. 

The  Caldferous  Formation  In  the  Champlaln  Valley.    With  a  Supp3ement  on 
the  Fort  Oassin  Rocks  and  their  Fauna,  By  R.  P.  Whitfield.    Bull,  Oeol.  Soc- 
Amer.,  I,  501-516. 
1800.    Walcott,  C.  1). 

A  review  of  Dr.  R.  W.  Ells'  Second  Report  on  the  Geology  of  a  Portion  of  the 
Province  of  Queljec,  with  Additional  Notes  on  the  "Quebec  Group."    [His- 
tory of  Views]  Amer.  Jour.  Sci.,  III.,  xxxlx,  101-115. 
MOO.    Hunt,  T.  Sterry. 

The  Geological  History  of  the  Quebec  Group.    American  OeologUtU  Vol.  Iv,  p.  212. 
See,  also,  the  references  on  the  Taconlc  System,  many  of  which  bear  on  the  Quebec 
Oioop, 
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JOSIAH  D.   WHITNEY. 

1847.  Josiah  D.  Whitney  and  Joseph  W.  Foster  were  asststants, 
in  184Y,  of  Dr.  C.  T.  Jackson  in  his  snrvey  of  the  "mineral  lands'* 
of  lake  Superior;  and  Mr.  Whitney  continued  in  the  same  capacity 
in  1848.  In  1849  and  1850,  Messrs.  Foster  and  Whitney  succeed- 
ed Dr.  Jackson,  and  their  Annual  Beport  is  dated  Boston,  Nov.  5, 
1849.  Mr.  Whitney's  obserrations  in  1847,  were  restricted  to  the 
copper-bearing  rocks,  mostly  of  the  Ontonagon  district,  and  he 
had  no  occasion  to  introduce  general  views  in  his  report;  but  a 
part  of  Mr.  Foster's  notes  relate  to  a  traverse  from  lake  Superior 
over  the  Menominee  region,  to  Green  bay.*  Mr.  Whitney  does  not 
appear  to  have  transmitted  to  Dr.  Jackson,  anything  except  bar- 
ometric observations  as  the  result  of  work  in  1848  (op.  ciY.,  pp. 
644-616). 

J 1849.  In  their  report  oE  1849,  Messrs.  Foster  and  Whitney 
say:  Experience  ''has  demonstrated  that  the  veins  of  copper  and 
its  ores  in  the  sandstone  and  conglomerate  are  not  to  be  relied  on, 
and  that  when  worked  even  to  an  inconsiderable  depth,  they  give 
out.  .  .  All  the  productive  lodes  are  confined  to  the  ranges  of 
trap.  .  .  The  associated  sandstone  and  conglomerate  belong  to 
the  Silurian  system,  and  rest  at  the  base  of  all  the  fossiliferous 
rocks"  (p.  607. )t  Accompanying  this  report  are  four  geolc^cal 
maps:  1.  He  Boy  ale;  2.  Keweenaw  Point;  3.  The  district  between 
Keweenaw  Bay  and  Chocolate  Biver;  4.  The  district;  between 
Portage  Lake  and*  Montreal  Biver.  On  the  3d  and  4th  of  theee 
Maps,  the  term  ''Azoic"  is  introduced.  The  4th  Map  was  trans- 
mitted to  the  Secretary  of  the  Interior  by  a  letter  dated  July  25thy 
1849.  The  date  of  transmittal  of  the  other  is  not  known,  but  prob- 
ably, the  same  month.  On  the  3d  Map,  the  explanatory  legend 
presents  the  following  arrangement: 

Aqueous,  -{  Base  of  the  Silurian  System,  \  Sandstone. 

C  ( Quartz. 

Metamorphio,    \  Azoic  System,  \  Saooharoidal  limealone 

(  (  Sohistoae  Books. 

*The  Report  is  found  on  pp.  77^7B4  of  that  chaos  of  literary,  scientific  and  atatlstloal 
matter  called  Jaclcson's  Oeologioal  Report,  occupying  pages  371-Ml  oV* AnnxuA  Menaot 
and £)ocum«nt«,"  184&-50,  Part  III— except  pages  605-624,  Including  four  maps,  occupied 
by  Foster  and  Whitney's  report  for  1R40,  which  is  interjected  into  the  midst  of  Jack- 
son's report. 

tDr.  Jackson,  (op.  cit.  p.  390),  says  ''Anterior  to  my  researches,  the  red  sandstones 
of  Lake  Superior  were  supposed  to  be  the  "old  red,"  and  subsequently  the  opinlcm 
that  they  belonged  to  the  Potsdam,  N.  Y.,  series,  gained  ground;  but,  from  the  facta 
that  the  mineral  composition,  associations  and  content's  were  identical  with  the  sand- 
stones  of  Nova  Scotia,  Connecticut,  Massachusetts  and  New  Jersey,  and  that  the  dis- 
turbing agency  which  moved  them  was  in  the  same  direction  and  produced  similar,  if 
not  identical  results.  I  was  disposed  to  regard  those  rocks  as  of  the  same  age,  or  as  of 
the  New  Red  sandstone  series.    This  idea  has  been  confirmed." 
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Igneous  {  More  recent  than  the  Azoic,  but  (  5^??^  ^^^®" 

P6rmation,     1     older  than  the  Silurian,  1  gJJSt  * 

The  legend  on  the  4th  Map  is  as  follows: 

{r  Lower  Magnesian 
Lower  Silurian  SyBfm.  L^^^^' 

l^Oonflrlomerate. 
Metamorphic,    ^  Azoic  System,  •{  Schistose  Books. 

r  Contemporaneous  with  (  Trap. 

T«^,^„„  J     Silurian,  <  Jasper  and 

igneQus,  <  I     Quartzose  Porphyry. 

^More  recent  than  Azoic,  <{  Granite. 

1850.  The  first  part  of  the  final  report,  relating  to  the  *'Cop- 
I)er  Lands,"  was  transmitted  April  15, 1850.*  In  the  IVth  chap- 
ter«  the  authors,  treating  of  ''Stratified  and  Sedimentary  rocks,'* 
comprise  them  under  three  general  divisions: 

III.     Compact  or  Lower  Magnesian  Limestones.     3.    Birdseye 
and  Black  river  limestone;    2.    Chazy  limestone;    1. 
Galcif  eroas  sandstone. 
II.    Inferior  Sandstone.    Potsdam  Sandstone. 
I.    (Conglomerate.     Not  strictly  a  sedimentary  rock,  bnt  a  vol- 
canic tn£F. 

Speaking  more  particularly  of  the  conglomerates,  the  authors  state 
concerning  the  pebbles:  *'Their  surfaces  do  not  present  that  smooth, 
polished  appearance  which  results  from  the  attrition  of  water.f  in 
fact,  a  close  observer  can  readily  distinguish  between  those  which 
have  been  recently  detached  from  the  rock  and  those  which  have 
been  for  a  time  exposed  to  the  recent  action  of  the  surf.  The  con- 
glomerate appears  to  have  been  formed  too  rapidly  to  suppose  that 
the  masses  were  detached  and  rounded  by  the  action  of  waves  and 
currents,  and  deposited  with  silt  and  sand  on  the  floor  of  the 
ancient  ocean;  for  while  the  contemporaneous  sandstone  remote 
from  the  line  of  volcanic  foci,  does  not  exceed  three  hundred  or 
four  hundred  feet  in  thickness,  the  united  thickness  of  the  conglom- 
erate bands,  in  the  vicinity  of  the  trappean  range  on  Keweenaw 
Pointy  exceeds  five  thousand  feet  As  we  recede  for  a  few  miles 
from  the  line  of  the  volcanic  fissure,  these  amygdaloidal  pebbles 
disappear,  and  are  replaced  by  arenaceous  and  argillaceous  particles. 
We  are  therefore  disposed  to  adopt  the  theory  as  to  the  origin  of 
such  masses  first  suggested  by  Von  Buch: '  When  basaltic  islands 
aod  trachytic  rocks  rise  in  fissures,  friction  of  the  elevated  rock 

^Beport  on  the  ChoHogyaiftd  Topoffraphy  of  a  ForUon  of  the  Lake  Superior  Land  Dttiriet 
In  Vie  State  of  MUshioan,  By  J .  W.  Foster  and  J.  D.  Whitney,  United  States  Oeologista. 
Id  two  parts.  Part  I,  Copper  Lands.  Washington,  1850,  6vo,  pp.  224,  with  a  Map  and 
zll  Plates.   (BeingEx.  Doe.  No.  60,  House  of  Bepresentatives,  dlst  Cong,  Ist  Bess.) 

tTbe  ''attrition**  which  rounds  shore  pebbles  is  not  '^'attrition  of  water*'.  Perhaps 
tbe  authors  mean  attrition  in  water. 
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against  the  walls  of  the  fissures,  causes  the  elevated  rock  to  be  en- 
closed by  conglomerates  composed  of  its  own  matter.  The  granites 
composing  the  sandstones  of  many  formations  have  been  separated 
rather  by  friction  against  the  erupted  volcanic  rock  than  destroyed 
by  the  erosive  force  of  a  neighboring  sea.  The  existence  of  these 
friction  conglomerates,  which  are  met  with  in  enormous  masses  in 
both  hemispheres,  testifies  to  the  intensity  of  the  force  with  which 
the  erupted  rocks  have  been  propelled  from  the  interior  through 
the  earth's  crust.  The  detritus  has  suddenly  been  taken  up  by  the 
waters,  which  have  then  deposited  it  in  the  strata  which  it  still 
covers'.*  Those  pebbles  having  a  highly  vesicular  structure  may 
have  been  ejected  through  the  fissures  in  the  form  of  scorisB  while 
in  a  plastic  state»  and  have  received  their  rounded  shax)e  from 
having  been  projected  through  water — on  the  same  principles  as 
melted  lead  when  dropped  from  an  elevation  assumes  a  globular 

form  \f 

On  page  112,  in  a  note,  the  authors  cite  similar  conglomerates  of 

eruptive  origin,  in  the  Hawaiian  and  Fiji  islands,  as  described  in 

the  report  by  professor  Dana,  on  the  Geology  of  the  Exploring 

Expedition. 

In  speaking  of  the  sandstone,  they  do  not,  like  Houghton,  dis- 
criminate between  that  which  is  interbedded  with  conglomerate 
layers,  and  that  which  overlies  both,  though  they  recognize,  as 
Houghton  did,  the  synclinal  arrangement  of  the  beds  forming  the 
lake  basin,  and  give  a  theoretical  diagram  illustrating  it.  They 
say:  "During  the  deposition  of  the  sandstone,  numerous  sheets  of 
trap  were  ejected  and  flowed  like  lava  streams,  and  the  igneous  and 
aqueous  products  were  so  intermingled  as  to  present  the  appear- 
ance of  having  been  derived  from  a  common  origin."  (p.  110.) 
The  general  discussion,  however,  relates  to  that  which  Houghton 
had  denominated  ''Lower  or  Bed  Sandstone." 

The  method  of  geologic  action  which  gave  origin  to  the  Cupri- 
ferous formation  is  conceived  by  the  authors  as  follows:  The  en- 
tire region  was  the  bed  of  an  ocean  of  heated  waters,  and  volcanic 
paroxysms  were  frequent.  Numerous  fissures  through  the  crust 
of  the  earth  resulted.  ''Along  the  lines  of  these  fissures  existed 
numerous  volcanic  vents,  like  those  observed  at  this  day  in  Peru, 
Granada  and  Java,  which  were  characterized  by  periods  of  activity 
and  repose.  From  these  vents  were  poured  forth  numerous  sheets 
of  trap,  which  flowed  over  the  sheets  of  sand  and  clays  then  in 
progress  of  accumulation.     During  the  throes  and  convulsions  of 

*Geogno8tlsche  Brlefe,  S.  75-82. 

f Beport  on  Oopper  Lands,  pp.  99, 100. 
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the  mass,  portions  of  rook  wonld  become  detached,  and  ronnded 
simply  by  the  effects  of  attrition,  and  jets  of  melted  matter  be  pro- 
jected as  Yolcanic  bombs  through  the  air  or  water,  which  on  cool- 
ing would  assnme  spheroidal  forms,  while  other  portions  of  the 
rock,  in  a  state  of  mechanical  division,  would  be  ejected  in  the 
form  of  ashes  and  sand,  which  mingling  with  the  water,  would  be 
deposited,  as  the  oscillations  subsided,  among  the  sand  and  pebbles 
at  the  bottom  of  the  sea.  During  the  whole  of  this  period  of  vol- 
canic activity,  the  sands  which  now  form  the  base  of  the  Silurian 
system  were  in  progress  of  accumulation,  and  became  mingled 
with  these  igneous  products"  (p.  120).  "Thus,  alternating  bands 
of  igneous  and  aqueous  rocks  were  formed",  and  thus,  unlike  the 
theory  of  Dr.  Houghton,  which  regarded  the  trap  sheets  as  dykes, 
our  authors  contemplate  them  as  overflows. 

1851.  The  second  part  of  Foster  and  Whitney's  report  on  the 
Mineral  Lands  of  Lake  Superior*  was  transmitted  to  the  secretary 
of  the  Senate,  November  20,  1851.  It  is  a  comprehensive,  thorough 
and  scientific  presentation  and  discussion  of  the  general  and 
economic  geology  of  the  region  embraced  —  with  the  exception  of 
matters  treated  in  Part  I.  It  is  probably  the  most  meritorious 
production  to  that  time  issued  under  the  auspices  of  the  general 
government.  The  lithographed  engravings  are  superior,  but  the 
wood-cuts  are  obscure,  and  the  typography  and  paper  cheap  and 
unworthy.  This  volume  has  become  celebrated  as  the  one  in 
which  the  "Azoic  System"  was  established  in  America. 

In  the  preliminary  chapter,  a  general  classiflcation  of  the  rocks 
of  the  district  is  given,  of  which  the  following  is  the  lower  part  :t 

Aqueous.  -j  Silurian  SyHtem.     •!  Potdsam  Sandstone,^  etc. 

j  r  Beds  of  Quartz  and  Saccbaroidai  Marble. 

Metamorphlc.     )  Azoic  System.  -j  Chlorltic,  Talcose  and  Argillaceous  Slates 

Gneiss,  Mica  and  Hornblende  Slate. 

f  Masses  of  Specular  and  Maj?net!c 


Igneous.  •}  Of  various  ajres.       '     rocks. 


Plutonic 
rocks. 


Hornblende  and  Serpentine  rt)cks 


Trappean      J  _  Oxide  Iron, 
ucanic     {   ~ 

AmyKd 
or  Dolerite  Porphyry. 


Basalt,   Amygdaloid.   Greenstone 


rpe 
id. 


'  Feldspar  and  Quartz  rock. 
Syenite. 
.Granite. 


''Below  all  the  fossilifevous  groups  of   this  region"  say  the 
authors,  '*  there  is  a  class  of  rocks  consisting  of  various  crystalline 

*  Report  on  the  OeoVogy  of  the  Lake  SuperUfr  Land  District.  By  J.  W.  Foster  and  J.  D. 
Whitney,  United  States  Geologists.  Part  II,  The  Iron  Region,  together  with  the  Gen- 
eral Geology,  March  13, 1851:  Ordered  to  be  printed,  Washington,  1851  [8-vo.,  pp.  406, 36 
plates  of  illustrations,  and  a  geological  map  of  the  upper  Peninsula  of  Michigan  and 
of  the  north  shore  of  lake  Superior  from  Sturgeon  bay  eastward.] 

+ It  will  be  remembered  that  in  all  the  stratlgraphic  tables  of  the  present  memoir, 
the  older  rocks  stand  below.  This  is  an  inversion  of  tlie  arrangement  adopted  by 
Foster  and  Whitney,  and  most  of  the  earlier  writers. 

$  The  age  of  the  Potsdam  sandstone  was  discussed  by  the  authors  in  Proe.  Amer. 
A980C.,  Cincinnati  meeting,  1851.  (pp.  23-38). 
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Bchists,  beds  of  qnartz,  and  saocharoidal  marble,  more  or  lew 
metamorphosed,  which  we  denominate  the  Azoic  system.  This 
term  was  first  applied  by  Marchison  and  De  Yemeoil*  to  desig- 
nate those  crystalline  masses  which  preceded  the  Palsozoic  strata. 
In  it,  they  include  not  only  gneiss,  bat  the  granitic  and  plutonic 
rocks  by  which  it  has  been  invaded.  We  adopt  the  term  bat  limit 
its  signification  to  those  rocks  which  were  detrital  in  their  origin, 
and  which  were  sapposed  to  have  been  formed  before  the  dawn  of 
organized  existenccf 

Obviously,  there  is  a  degree  of  indefinitenessabont  this  definition: 
Isb  Remains  of  organization  may  be  found  in  rocks  which  "pre- 
ceded the  PalsBozoic"  as  understood  by  Murchison:  2d.  Not  only 
gneiss  but  granite  and  syenite  may  yet  be  proven  of  detrital  origin. 
Thus  the  base  of  the  Palsdozoic  may  be  lowered  either  by  the  dis- 
covery of  fossiliferous  rocks  between  the  Potsdam  and  the  top  of 
the  Azoic  as  known  to  Foster  and  Whitney,  or  by  the  discovery  of 
fossils  within  the  Azoic  rocks  as  thus  known;  and  the  base  of  the 
Azoic  may  be  raised  by  the  demonstration  of  the  original  igneous 
condition  of  the  gneisses,  or  lowered  by  the  demonstration  of  the 
original  sedimentary  condition  of  the  granitoid  masses.  These, 
however,  are  only  practical  difiiculties  in  the  application  of  the 
conception  of  Foster  and  Whitney.  The  conception  as  above  de- 
fined is  clearly  delimited  and  rational.  By  a  reasonable  applica- 
tion of  the  conception,  the  Azoic  system  would  always  embrace 
the  strata  beneath  the  oldest  at  any  time  found  to  be  fossiliferous^ 
and  above  the  rocks  at  any  time  held  to  be  igneous  in  origin.  This 
was  very  nearly  Emmous'  first  conception  of  the  Taconic,  nine  years 
earlier;  but  he  recognized  the  Potsdam  sandstone  as  the  base  of 
the  Silurian  system,  and  only  by  provisional  inference,  the  base 
of  the  PalsBozoic  series  so  that  when  strata  older  than  the  Potsdam 
were  found  fossiliferous,  he  changed  his  view  in  reference  to  the 
azoic  character  of  the  Taconic,  and  thereafter  insisted  that  it  was 
a  zoic  system. 

"Most  of  these  rocks  [of  the  Azoic  system,]  the  authors  state, 
"appear  to  have  been  of  detrital  origin,  but  greatly  transformed  by 
long  exposure  to  heat.    They  are  sub-crystalline  or  compact  in 

*  Th6  Oiohgy  of  R  UHta  in  Earops  and  the  Ural  Mountains^  vol.  i,  p.  10, 1845, .  See  also  ^ 
Proc.  Q€oi,  Soc.  Lond.,  vol;  iv,  p.  602, 1845. 

tFoster  and  Whitney,  Hep.,  p.  3. 

$Mr.  Whitney  has  indicated  the  possibility  that  the  upper  limit  of  the  Azoic  might 
have  to  be  placed  lower  than  the  base  of  the  Potsdam  sandstone.  *'If  we  find  in  this 
country,  a  series  of  fossiliferous  beds  below  those  at  present  recognized,  and  whose  or- 
ganic contents  cannot  be  considered  as  being  of  Lower  Silurian  type,  let  us  give  them 
a  new  name  which  shall  not  Involve  us  in  any  Oambrian  controversies."  {Amer»  Jour^ 
Sei.,  II,  xxili,  p.  314). 
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their  straoture,  and  rarely  present  uneqaiyocal  signs  of  stratifica- 
tion. They  exhibit  the  most  violent  dislocations;  in  one  place  the 
beds  are  vertical,  in  another,  reversed,  and  in  another,  present  a 
succession  o{  folded  axes.  Intermingled  with  them  is  a  class  of 
rocks  whose  igneous  origin  cannot  be  doubted,  and  to  whose  pres- 
ence, the  metamorphism  so  characteristic  of  this  series,  is  in  some 
measure  to  be  ascribed.  They  consist  of  varying  proportions  of 
hornblende  and  feldspar,  forming  traps  and  basalts,  or,  where 
magnesia  abounds,  pass  into  serpentine  rocks.  They  appear  in 
some  instances  to  have  been  protruded  through  the  pre-exist- 
ing strata,  in  tne  form  of  dikes  or  elvans,  in  others,  to  have  flowed 
in  broad  lava  streams  over  the  ancient  surface;  and  in  others,  to 
have  risen  up  through  some  wide-spreading,  expanding  fissure, 
forming  axes  of  elevation''  (p.  8).  , 

''Many  eminent  geologists  maintain  that  the  lowest  stratified 
rocks  are  but  portions  of  the  Silurian  or  Cambrian  system;  and 
that  from  long  continued  exposure  to  heat  the  lines  of  stratification 
have  become  obscure,  and  all  traces  of  organic  remains  obliterated. 
Our  investigations  in  this  district  have  led  us  to  a  different  conclus- 
ion. If  the  Potsdam  sandstone  rests  at  the  base  of  the  Palseozic 
series;  if  from  that  epoch  we  are  to  date  the  dawn  of  animal  crea- 
tion, there  is  in  this  district  a  class  of  obscurely  stratified  rocks 
interposed  between  the  Silurian  system  and  the  granite — crocks 
distinct  in  character,  unconformable  in  riip,  and  destitute  of  or- 
ganic remains"  (p.  10). 

The  authors  quote  from  the  early  reports  of  "Mr.  Logap,  the 
distinguished  Provincial  geologist  of  Canada,  for  the  purpose  of 
stating  that  the  two-fold  division  of  these  rocks,  described  by  Mr. 
Logan*  has  not  been  observed  on  the  southern  shore. 

In  reference  to  the  blending  of  igneous  and  sedimentary  char- 
acters in  the  Azoic  rocks  of  the  south  shore,  the  authors  quote 
from  de  la  Beche  a  passage  which,  though  it  possesses  only  the 
authority  of  an  individual,  needs  to  be  borne  in  mind  in  the  more 
recent  attempts  to  interpret  the  rocks  in  question,  whether  on  the 
south  or  the  north  shore.     This  is  the  passage: 

"There  is  so  intimate  a  mixture  of  compact  and  schistose  trap- 
pean  rocks  with  the  argillaceous  slates  [of  Bossiney,  Cornwall] 
that  the  whole  may  be  regarded  as  one  system,  the  two  kinds  of 
trappean  rocks  having  been  probably  erupted,  one  in  a  state  of  ig- 
neous fusion,  and  the  other  in  that  of  an  ash,  during  the  time  that 

•Report  of  Proaren,  1846-7,  p.  10.  It  Is  clear  that  the  upper  division  here  Indicated  in 
the  xnetamorphic  rocks  is  what  was  afterward  denominated  Animike.  But  we  shall 
return  to  this  point.  It  is  also  apparent  that  this  division,  if  not  entirely  wanting  on 
the  southern  shore,  is  very  Inconspicuously  developed. 
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the  mud  now  forming  slates,  was  deposited;  the  mixture  being  ir- 
regular from  the  irregular  action  of  the  respective  causes  which 
produced  them,  so  that,  as  one  may  have  been  derived  from  igneous 
action,  and  the  other  from  the  ordinary  abrasion  of  pre-existing 
solid  rocks,  they  were  geologically  contemporaneous." 

Some  further  remarks  by  the  authors  relate  specifically  to  the 
rocks  on  the  south  shore  of  lake  Superior.  "Many  of  the  igneous 
rocks  of  this  region  form  neither  long  lines  of  dykes  nor  axes  of 
elevation,  but  broad  sheets,  bearing  the  same  relation  to  the  slates 
that  the  trappean  bands  of  Keweenaw  Point  do  to  the  conglomer- 
ates. Many  of  the  slates  appear  to  be  composed  of  pulverulent 
greenstone,  as  though  they  might  originally  have  been  ejected  as 
an  ash,  and  subsequently  deposited  as  a  sediment,  and  pass  by  im- 
perceptible gradations  from  a  highly  fissile,  to  a  highly  compact 
slate.''  Some  of  these  phenomena  are  compared  with  sub-oceanic 
8alses,''pouring  forth  streams  of  pulverulent  material  to  be  mingled 
with  ordinary  f  ragmental  deposits. 

Messrs.  Foster  and  Whitney,  in  concluding  their  account  of  the 
general  geology  of  the  Azoic  system,  seek  to  strengthen  its  estab- 
lishment by  pointing  out  the  existence  of  a  similar  series  of  rocks 
in  other  states — in  Minnesota,  Arkansas,  Missouri,  New  York,  Penn- 
sylvania and  Virginia.  They  refer  to  the  evidence  supplied  by  the 
brothers  Sogers,  that  the  series  of  obscurely  stratified  rocks  known 
as  the  gneissoid  series,  flank  the  Appalachian  chain  on  the  east 
throughout  its  entire  extent.  Turning  to  the  Old  World,  they  cite 
the  well  known  witnesses  to  the  existence  of  similar  azoic  rocke  in 
Scandinavia,  Great  Britian  and  Bohemia  (pp.  33,  34.) 

As  to  the  origin  of  the  mass  of  magnetic  oxides  of  iron,  having 
shown  that  they  occur  in  beds  instead  of  true  veins,  they  consider 
the  evidences  of  an  igneous  and  of  a  metamorphic  origin,  and  con- 
clude: ''On  the  whole,  we  are  disposed  to  regard  the  specular 
and  magnetic  oxides  of  iron  as  a  purely  igneous  product,  in  some 
instances  poured  out,  but  in  others  sublimed,  from  the  interior  of 
the  earth.  .  .  Where  these  ores  occur  in  a  state  of  almost  ab- 
solute purity,  in  the  form  of  vast  irregular  masses,  occupying  pre- 
existing depressions;  or  where  the  incumbent  strata  are  metamor- 
phosed and  folded  over  them;  or  where  they  are  traversed  by  long 
lines  of  ferruginous  matter  in  the  form  of  dykes — there  can  be  little 
doubt  that  tbese  ores  have  risen  up  in  a  plastic  state  from  below. 

"Where  they  are  found  impregnating  metiamorphic  products, 
such  as  jasper,  hornstone  or  chert,  quartz,  chlorite  and  talc  slate, 
not  only  interposed  between  the  laminae,  but  intimately  incorpora- 
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ted  with  the  masB,  giving  it  a  banded  straotare,  we  regard  it  as  the 
result  of  sablimation  from  the  interior." 

"When  they  are  incladed  in  metamorphio  strata,  in  the  form  of 
beds  of  variable  width,  with  a  conformable  range  and  dip,  and 
with  minute  particles  of  the  associated  rook  mechanically  mixed 
with  the  ore,  we  are  disposed  to  regard  them  as  the  result  of  aqueous 
deposition,  although  the  materials  may  have  been  derived  from 
the  ruins  of  purely  igneous  products"  (p.  68.) 

In  1857t  Sir  William  Logan  and  the  Canadian  geologists  having 
recognized  two  distinct  systems  beneath  the  Potsdam  sandstone, 
Mr.  Whitney  returned  to  the  defence  of  the  systemic  unity  of  the 
sab-Silurian  rocks,  and  of  the  system  which  he  and  Mr.  Foster  had 
proposed  to  receive  them.*  Mr.  Whitney  thinks  this  divergence 
of  opinion  is  "due  entirely  to  a  different  understanding  of  the 
origin  and  relations  of  the  cupriferous  formation  of  lake  Superior 
and  especially  of  that  portion  of  it  which  belongs  to  the  southern 
shore  of  the  lake"  (p.  306.)  He  proceeds  accordingly,  to  establish 
the  proposition  that  the  cupriferous  series  of  interbedded  traps, 
conglomerates  and  sandstones  are  collectively  the  equivalent  of 
the  sandstone  extending  generally  along  the  south  shore.  This 
being  so,  nothing  remains  between  the  cupriferous  series  and  the 
granite  except  the  indivisible  series  of  rocks  which  Foster  and 
Whitney  had  styled  the  Azoic  system. 

If  we  follow  Mr.  Logan,  he  says  in  effect,  we  must  admit  that 
the  cupriferous  belt  lies  unconformably  beneath  the  sandstone. 

"We  must  also  admit  that  these  cuperiferous  rocks  are  identical 
in  age  with  the  series  of  quartz  beds  and  jasper  conglomerates 
displayed  on  the  north  shore  of  lake  Huron,  and  hence  called 
*  Huronian.'  Therefore,  according  to  Mr.  Logan's  views,  since  the 
cupriferous  series  of  lake  Superior  rests  unconformably  on  a  still 
lower  formation  of  shales,  quartz  rock,  etc.,  the  rocks  of  lake 
Huron  must  also  do  the  same,  although  no  such  fact  has  been  ob- 
served. Hence,  we  must  recognize  two  systems  beneath  the  Pots- 
dam sandstone,  one  the  Huronian,  comprising  the  cupriferous 
rocks  of  lake  Superior  and  the  formations  of  the  north  shore  of 
lake  Huron,  the  other,  the  Laurentian,  including  all  the  rocks  of 
Canada  and  the  Northwest  which  we  should  designate  by  the 
term  '  Azoic,'  with  the  exception  of  those  of  lake  Huron,  as  before 
indicated." 

"  The  principal  question  to  be  settied  then,  is  this  :  What  are 
the  relations  of  the  cupriferous  rocks  of  lake  Superior  ?    Do  they 

*J.  D.  Whitney,  '^Remarks  on  the  Huronian  and  Laurentian  systems  of  the  Canada 
c;eoIof;lcal  Survey,"  Amer,  Jour.  8ei.,  II,90MM,  May.  1657. 
-11 
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constitate  a  distinct  system  by  themselves,  or  are  they  part  and 
parcel  of  the  Potsdam  sandstone  itself?"  And  this  is  the  qneBtion 
which  Mr.  Whitney  proceeds  to  answer  affirmatively.  Mr.  Whit- 
ney's two  main  positions  as  against  those  of  Sir  William  Logan, 
may  be  stated  thus : 

1.  The  cupriferons  formation  is  not  distinct  from  the  Potsdam. 

2.  The  Horonian  rocks  are  not  equivalent  to  the  capriferons. 
In  1884,  professor  Whitney  again  returned  to  a  vindication  of 

the  integrity  of  the  Azoic  system.*  In  an  extended  and  elaborate 
memoir,  Messrs.  Whitney  and  Wadsworth  review  all  that  had 
been  written  in  America  on  rocks  embraced  ander  the  Azoic  sys- 
tem. They  pursae  the  method  of  liberal  quotation,  in  setting  forth 
the  views  of  the  various  writers,  and  accompany  thes^e  by  critical 
remarks.  The  authors  find  very  little  to  commend  in  this  litera- 
ture, but  discover  many  opportunities  for  caustic  comment,  seem- 
ing almost  to  forget  that  possibly  the  honest  search  for  truth  may 
not  lie,  precisely  in  an  adoption  of  the  views  of  the  originators  of 
the  Azoic  system.  Still  there  is  a  good  amount  of  justice  in  the 
following  sentence,  eztraftted  from  their  "Resume:" 

"We  think  that  it  is  impossible  for  any  unprejudiced  worker  in 
this  department  of  science  to  peruse  with  care  the  preceding  pages, 
and  not  feel  obliged  to  admit  that  the  geology  of  a  large  portion  of 
this  country,  and  especially  that  of  Canada  and  New  England, 
is  in  an  almost  hopeless  state  of  confusion.  We  thing  that  it  most 
have  been  made  clear  to  the  candid  mind,  that  the  geologist  would 
find  himself  completely  baffled,  who  should  endeavor  to  obtain  any 
definite  knowledge  of  the  real  nature  and  order  of  succession  of 
the  rocks  which  cover  so  large  a  portion  of  the  region  in  question, 
from  the  study  of  that  which  has  been  published  with  regard  to 
them.  We  believe  that  we  are  justified  in  going  still  farther,  and 
saying,  that  our  chances  of  our  having,  at  some  future  time,  a  dear 
understanding  of  the  geological  structure  of  northeastern  North 
America  would  be  decidedly  improved,  if  all  that  has  been  written 
about  it  were  at  once  struck  out  of  existence**  (pp.  619-620.) 

All  this  tends  to  prove,  as  the  authors  think,  that  no  real  pro- 
gress has  been  made  in  azoic  geology  since  1860.  l^eir  impres- 
sive resume  embraces  the  following  positions:  First,  No  evidence 
has  been  presented  of  the  existence  of  life  anterior  to  the  advent 
of  the  primordial  fauna  of  Barrande — that  is,  in  those  metamorphic 
rocks  which  were  at  first  united  in  a  system  styled  "Azoia"  The 
supposed  organism  known  as  Eozo^n,  is  only  a  peculiar  arrange- 

«  The  Azftic  Syttem  and  its  Proposed  SubdivMoru.   By  J.  D.  Whitney  and  M.  S.  Wads, 
worth.   Bull.  Mus.  Comp.  ZoOl.,  Geological  Series,  toI.  1,  pp.  xri  and  881-888. 
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ment  of  crystalline  matter.  Its  organic  nature  was  never  consis- 
tently defended  by  Dawson  and  Carpenter.  The  segregated,  vein- 
like  character  of  the  limestones  in  which  it  occurs  in  eastern 
Massachusetts,  has  been  affirmed  by  Burbank,  Perry  and  Dr. 
Wadsworth,  and  the  final  coup  de  grace  has  been  administered  by 
Dr.  MObius.  The  epitaph  has  been  written  by  F.  BOmer  and 
.'Zittel.  As  to  the  organic  origin  of  the  crystalline  limestones, 
there  is  nothing  whatever  to  prove  it,  while  the  presene  of 
oalcite  and  calcitic  formations  in  metalliferous  veins,  and  in 
^ykes  and  amygdaloids  is  sufficient  proof  that  the  existence  of  a 
limestone  does  not  necessarily  imply  conditions  compatible  with 
organization.  OraphHey  too,  instead  of  being  a  derivative  of 
vegetable  substances  is  found  in  the  presence  of  indications  of  in- 
tense heat,  and  has  never  been  found  in  such  situation  as  to  justify 
the  inference  that  it  resulted  from  the  transformation  of  coal.  As 
to  the  origin  of  masses  of  magnetic  and  specular  oxides  of  iron^ 
there  is  nothing  in  the  laws  of  chemistry  to  forbid  their  eruptive 
nature,  while  the  distribution  of  iron  in  meteorites  and  on  the 
earth,  and  the  evidences  touching  the  mineral  nature  of  the  earth's 
interior,  all  tend  to  show  the  probability  that  the  iron  of  the  ear- 
liest times  was  connected  with  the  agency  of  heat  rather  than  of 
organization. 

Secondly,  As  to  the  admissibility  of  a  subdivision  of  the  azoic 
rocks,  the  authors  maintain  that  no  adequate  ground  has  yet  been 
presented.  They  moreover,  preclude  the  possibility  of  such  ground 
by  laying  down  the  canon  that  observed  successions  of  life  are  the 
only  justification  of  a  chronological  arrangement  of  rocks.  Of 
course,  no  successions  of  life  are  possible  where  no  life  exists.  To 
pronounce  a  series  azoic  and  demand  the  application  of  the  palsB- 
ontological  dogma,  is  to  move  the  previous  question  without  debate. 
Whether  there  are  or  may  be,  good  grounds  other  than  palsBon- 
tological,  for  a  successional  arrangement  of  terranes,  is  a  question 
which  will  be  considered  in  the  sequel  of  this  memoir.  The  min- 
eralogical  and  lithological  bases  of  various  proposed  divisions  of 
the  Azoic  are  examined,  and  besides  their  exclusion  at  the  thres- 
hold by  the  canon  laid  down,  are  represented  as  inherently  conflic- 
ting  and  invalid.  Finally,  to  illustrate  the  misleading  character 
of  mineralogical  criteria,  they  push  the  principle  in  absurdum  by 
proposing  ironically,  a  division  of  the  Azoic  into  twelve  systems 
based  on  predominant  mineral  characteristics. 

This  memoir,  though  characterized  by  a  spirit  of  dogmatism  and 
wholesale  contempt  of  contemporary  research,  justified  only  by 
the  assumption  of  infallibility  in  the  work  of  its  authors,  is  still. 
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a  masterly  review  and  a  forcefal  argument,  challenging  Berion» 
reconsideration  of  the  evidences  on  which  many  of  onr  recent 
judgments  have  been  based. 

T.  Sterry  Hunt. 

Dr.  Hunt's  writings  on  pre-Silurian  rocks  have  been  voluminous 
and  long  continued.  His  utterances  are  largely  of  au  inferential 
and  deductive  character,  based  on  the  field-observations  and  judg- 
ments  of  others,  backed,  however,  by  numerous  personal  reconnois- 
sauces.  He  appears  to  have  been  to  some  extent,  the  expositor 
and  commentator  and  public  representative  of  the  Canadian  sur> 
vey.  The  value  of  his  work  in  the  aggregate — especially  his 
chemical  and  mineralogical  work,  is  great.  He  has  made  a  dura- 
ble impression  on  the  science  of  his  day.  But  his  proper  geologi- 
cal utterances,  while  always  learned  and  sagacious,  have  some- 
times possessed  doubtful  value.  From  lack  of  close  adherence  to 
observations  made  by  himself,  and  from  too  much  readiness  to  give 
utterance  to  the  intuitions  of  the  moment,  he  has  fallen  into  occa- 
sional self-inconsistencies,  aud  many  conflicts  with  his  fellow 
workers  in  geology.  Partly  for  such  reasons,  I  shall  not  follow 
out  in  detail  the  varying  utterances  which  during  a  long  life,  he 
has  placed  on  record. 

1855.  Dr.  Hunt  appears  to  have  been  the  first  to  employ  the 
term  ''Huronian"  in  its  application  to  a  series  of  rocks.  In  "A 
Sketch  of  the  Geology  of  Canada,"  speaking  of  the  rocks  on  the 
north  shore  of  lake  Huron,  then  recently  studied  by  Mr.  Murray, 
he  says : 

"  As  these  rocks  underlie  those  of  the  Silurian  system,  and  have 
not  as  yet,  afforded  any  fossils,  they  may  probably  be  referred  to 
the  Cambrian  system  (Lower  Cambrian  of  Sedgwick).  .  .  This 
Huronian  formation  is  known  for  a  distance  of  about  160  leagues 
upon  lakes  Huron  and  Superior.'** 

1858.  Dr.  Hunt  suggested  evidences  of  the  contemporary  ex- 
istence of  organic  life  in  the  limestones,  graphite  and  iron  ores  of 
the  Laurentian.f  * 

On  the  discovery  of  Eozoon  so  called,  he  discussed  the  mineral- 


•  Canada  at  the  Universal  Exposition  of  1955.  pp.  427,  428.  lEtqulsse  gSoioaiqiU,  pp.  28.  33, 
1865].  Mr.  Murray,  as  we  have  seen,  had  already  employed  the  term  Huronian  tehet.. 
in  his  report  for  1855 ;  but  that  was  not  printed  till  1857.  Neither  he  nor  Hunt  employed 
the  term  deliberately,  as  the  designation  of  a  well  comprehended  system  of  rocks,  but 
only  to  express  the  geographical  position  of  certain  rockB  referred  to.  In  1867,  Sir 
William  Logan  made  formal  announcement  to  the  American  Association,  that  the 
term  Huronian  had  been  adopted.    See  ante,  pp.  12^  124. 

fQuar.  Jour.  Oeoh  Soe.,  xv,  40B. 
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ogioal  relatioos  of  the  object,  and  gave  the  name  loganite  to  a  sap- 
posed  new  mineral  form.* 

In  the  Esquisse  g^ologique  du  Canada,f  Dr.  Hunt  described 
the  Laurentian  system  as  embracing  two  distinct  series,  one  rest- 
ing discordantly  on  the  other.  These  he  denominated  Lower 
Laurentian  and  Upper  Laurentian  or  Labradorian  (afterward  call- 
ed by  him  Norian).  ^ 

The  so-called  ''Hastings  series"  was  first  brought  into  notice  in 
1852-3  by  Mr.  Murray  (pp.  103-108),  and  in  the  discussion  of  these 
rocks,  Dr.  Hunt  frequently  participated.  In  1863,  he  gave  an- 
alyses of  the  limestones  (Rep,,  1863,  pp,  592-3).  In  1867,  he  stated 
that  the  Hastings  series  reposed  in  concordant  stratification  on  the 
Laurentian  gneiss,  but  that  the  Upper  Laurentian  or  Labradorian* 
rested  unconformahly,  not  only  on  the  Lower  Laurentian,  but  also 
on  the  Hastings  series.;|; 

In  1869,  he  identified  as  Laurentian,§  "the  great  goeissic  and 
homblendic  formation  stretching  through"  the  northeastern  por- 
tion of  Massachusetts,  and  inclosing  crystalline  limestones,  and  on 
the  ground  of  their  i^e,  promoted  successfully  the  search  for 
Eozoiyn  canadense. 

In  1870,  his  attention  was  again  turned  to  the  geology  ot  eastern 
New  England, II  and  he  recorded  the  conclusion  that,  ''In  fact,  the 
«chists  and  gneisses  of  the  White  Mountains  are  clearly  distinct* 
lithologically,  from  the  Laurentian  and  the  Huronian,  as  well  as 
from  the  crystalline  rocks  of  the  Green  Mountains,  and  from  the 
fossiliferous  Upper  Silurian  strata,  which  lie  at  the  southwestern 
base  of  the  Canadian  prolongation  of  the  latter."  (p.  84.).  Turning 
then,  to  the  lithological  characters  of  the  "Hastings  series"  in 
Canada,  he  says  Mr.  Yennor  has  shown  that  "it  rests  unconforma- 
bly  upon  the  old  Laurentian  gneiss,  while  it  is  at  the  same  time 
overlaid  by  the  horizontal  limestones  of  the  Trenton  group.  This 
intermediate  series  which  attains  a  thickness  of  several  thousand 
feet,  is  terminated  by  oalcareo-micaceous  schists,  in  which  Eozo&n 
^anadense  has  been  found,  both  in  Madoc  and  Tudor."  (p.  85. )  He 
then  summarizes  Mr.  Murray's  observations  in  Newfoundland  in 
1866  and  recognizes  there  a  mass  of  rocks  "immediately  succeeding 
the  Laurentian,"  and  concludes: 

"From  these  investigations  of  Mr.  Murray,  we  learn  that  be* 
tween  the  Laurentian  and  the  Quebec  group,  there  exists  a  series 

^Oeoloffy  of  Canada,  1863,  p.  400, 

iParis  EihiMiion  of  Ifffl,  p  10. 

tEmptiMu  geologigue  pp.  5, 6. 

iOn  Laurentian  rocks  in  eaatem  Massachusetts,  Am,  Jour,  Sei, ,  II  xlix,  75-78. 

I  "On  the  Geoloff7  of  Eastern  New  England,"  Amer,  Jour.  8cL  II.  1. 83-00. 
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of  several  thousand  feet  of  strata,  including  soft,  bluish-^^y  mica 
slates  and  micaceous  limestones  belonging  to  the  Potsdam  group; 
besides  a  great  mass  of  whitish  granitoid  mica  slates  whose  rela- 
tion to  the  Potsdam  is  still  uncertain.  To  the  whole  of  these  we 
may  perhaps  give  the  provisional  name  of  the  Terranovan  series^ 
in  allusion  to  the  name  of  Newfoundland."  (p.  87.) 

The  Terranovan  series  therefore  occupies  a  portion  of  the  inter- 
val in  which  lies  also  the  "Norian"  and  the  "Huronian,"  and  it 
overlaps  the  Potsdam.  To  this  he  referred  the  White  Moantaii^ 
rocks,  as  well  as  certain  rocks  in  New  Brunswick. 

In  1868t  he  prepared  a  memoir  on  the  mineralogy  of  the  'Ijau- 
rentian  limestones  of  North  America*"  in  which  he  wrote: 

"In  the  county  of  Hastings,  in  the  Province  of  Ontario,  not  less- 
than  21,000  feet  of  strata,  consisting  of  crystalline  ochists,  lime- 
stone and  diorite  are  found  resting  conformably  upon  Laurentian 
gneiss."  (p.  48.) 

In  a  postscript  (p.  98,)  he  states: 

'^ore  recent  researches  by  the  Geological  Survey  of  Canada  have- 
shown  that  the  rocks  of  Hastings  county,  Ontario,  noticed  on  page 
48,  rest^  unconformably  upon  the  Laurentian,  and  belong  to  one,, 
and  possibly  two,  distinct  systems.  The  upper  and  larger  portion 
consists  in  great  part,  of  mica  schist  and  micaceous  limestones,  while- 
at  the  base  are  great  masses  of  dioritic  and  hornblendic  schists,  with 
iron  ore,  posssibly  of  Huronian  age." 

In  1873,  he  was  reported  as  follows: 

"As  regards  the  Norian^  which  had  been  once  joined  to  the- 
Laurenlian,  he  had  elsewhere  shown  that  we  had  reason  for  sos- 
pecting  that  it  might  be  more  recent  than  the  Huronian,  and  pos- 
sibly than  the  Montalhan,  a  conclusion  which  appeared  to  be  oon* 
firmed  by  the  facts  made  known  by  Hitchcock."t 

In  1875^  he  returned  to  a  study  of  the  White  mountains,  or  Mon- 
talban  series,  which  he  had  already  identified  ^th  the  Hastings, 
series.    He  said : 

**  These  ancient  rocks  are  also  largely  represented  in  Hastings, 
oounty,  Ontario,  where  they  occupy  a  position  between  the  Lan- 
rentian  [i.  e.  Lower  Laurentian]  and  the  fossUiferous  limestones 
of  the  Trenton  group,  and  are  the  equivalents  of  similar  limestones 
and  micaeeoos  quartzytes  in  Berkshire  county."^ 

In  1878^  Dr.  Hunt  referred  the  limestones  of  the  Hastings  series 


•noefify^lrit^iifittalA4xiKo/tk«A4inas«/fktDMMr«<tar^  At  State  «/ JTm*  TMk* 
•pndlz,  pp.  47-M. 
f  l¥De.  BotL  8oc.  NaL  HUL^  1833,  xt,  310. 

U¥d0.  Soe,  BoiC.  NaL  mtt^  1835.  xrtl.  90ai 


STATE  QEOLOaiST.  153 

to  the  lower  Taconic  (Taconian).*  In  his  *'  Chemical  and  Geologi- 
cal Essays/'  the  Hastings  limestones  and  slates  are  said  to  lie  be- 
tween the  Horoniau  and  Trenton. 

In  1878,  he  prepared  a  synopsis  f  of  his  yiews  on  the  classifica- 
tion of  Eozoic  (ArchsBan,  Azoic)  rocks.  Their  divisions  were  dis- 
tributed as  follows : 

Id.  MoNTALBAN.  Named  in  1872[=Terranoyan],  well  dis- 
played in  the  White  Mountains,  and  occupying  large  areas  in  New 
England  and  southwestward ;  a  great  mass  of  crystalline  schists. 
Gneisses  distinguished  from  those  of  the  Laurentian  by  being 
finer  grained  and  having  white  feldspar.  They  are  less  firm  and 
more  tender,  often  containing  silvery  mica,  and  pass  into  coarser 
mica.schists.  This  series  contains  granular  olivine  rocks  [^dunite'] 
often  accompanied  by  enstatite  [^saxonite  of  Wadsworth]. 

Ic.  HuBONlAN.  Named  in  1855,  more  or  less  schistose,  crys- 
talline rocks,  resting  unoonformably  on  the  Laurentian.  ''The 
Green  mountain  series."  Contaiu  jaspery  petrosilez,  becoming 
porphyritic  by  the  presence  of  feldspar  and  of  quartz  in  a  com- 
pact base,  sometimes  schistose  and  finely  laminated.  Contain 
basally,  chloritic  schists  altered  from  diabasea  [The  description 
applies  to  the  lake  Superior  pseudo-Huron  ian,  not  to  the  original 
lake  Haron  Huronian.] 

lb.  NoBiAN.  The  upper  portion  of  the  Laurentian  series  on 
the  Ottawa  river.  A  distinct  terrane,  resting  unconformably  upon 
the  KQ^iBBes  and  crystalline  limestones  of  the  Laurentian.  The 
former  Upper  Laurentian  or  Labradorian.  Consists  chiefly  of 
anorthic  [triclinic]  feldspar,  sometimes  almost  without  admixture  ; 
sometimes  accompanied  by  small  portions  of  hornblende,  of  pyrox- 
ene or  of  hypersthene  (hypersthenite  or  hyperite).  Fine  or  coarse. 
Colors  white,  pale  bluish  or  greenish,  dark  lavender,  smoke-blue 
or  nearly  black.    Titaniferous  iron  occurs  in  great  beds. 

la.  Laubentiam.  Named  in  1854,  prevailingly  a  strong,  massive 
gneiss,  reddish  or  grayish,  sparingly  micaceous,  very  often  horn- 
blendic.  The  crystalline  schists  absent  Crystalline  limestones 
present,  often  associated  with  beds  of  quartz.  Masses  of  magne- 
tite. Beneath  these  (the  Orenville  series)  a  great  mass  of  grani- 
toid gneiss  without  limestone  (the  Otlavoa  gneiss). 

Above  the  Montalbanis  placed  the  Tagonian  (=Lower  Taconic); 
Quebec  group  (=npper  Taconic  or  Cambrian),  (pp.  10, 11, 12, 13, 
211 

*IVoe.  BoiL  Soe,  Nat.  Hiat.,  1878,  xlx,  278 ;  preface  to  second  edition  of  Chem.  txnd  OtoL 
Emays,  pp.  zxU,  xxvl. 

iThe  GeotogMs*  TraveUng  Handbook,  Bj  Dr.  James  Macfarlane,  New  York,  IflTO.  •  It 
was  circulated  before  the  close  of  1878. 
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The  following  is  Dr  Hunt's  view  of  the  taxonomy  of  the  lower 
.  rooks  in  his  Pennsylvania  Beport:^ 

8.  SiLUBO-OAM^RiAN.  Upper  Cambrian  of  Sedgwick.  Part  of 
Lower  Silurian  of  Murchison,  and  the  Matinal  of  Bogers,  in  part. 

7.  Cambrian.  The  Lower  and  Middle  Cambrian  of  Sedgwick, 
and  the  Lower  and  Upper  Cambrian  of  Hicks;  being  the  Upper 
Taconic  of  Emmons,  and  the  Quebec  group  of  Logan:  or  the  Pri- 
mordial Silurian,  and  part  of  the  Lower  Silurian  of  Murchison. 
[Upper  Copper-beariug  rocks  of  Logan.] 

6.  Keweenian.  The  Copper -bearing  series  of  Lake  Superior, 
found  in  the  same  geological  interval  as  the  Taconian,  but  not 
identified  with  it. 

5.  Taconian.  The  Lower  Taconic  of  Emmons,  or  the  "Hast- 
ings series,"  including  a  part  of  the  Primal,  Auroral  and  Matinal 
divisions  of  Bogers;  and  constituting  with  the  Montalban,  what  ho 
had  once  called  Terranovan. 

4.  Montalban.  The  White  Mountain  or  Mica  schist  series. 
[Terranovan  in  part] 

3.  HuBONiAN.  The  Green  Mountain  series,  or  altered  Quebec 
group  of  Logan.     [Lower  Copper-bearing  rocks  of  Logan.] 

2.    NoBiAN.     The  Labradorian  or  Upper  Laurentian  of  Logan. 

1.    Laurentian. 

b.  Orenville  series.      With  limestones.     Supposed  un- 
conformable with  the  next, 
a.  Ottawa  gneiss.    Without  limestones,     (pp.  215-242.) 

In  1879,  the  Norian  was  said  by  Dr.  Hunt  to  rest  uncon/ormahly 
upon  the  gneisses  and  crystalline  limestones  of  the  Laurentian, 
and  held  to  be  older  than  the  Huronian.  The  Huronian  was  also 
said  to  rest  unconformably  on  the  Laurentian  on  the  north  shores 
of  lakes  Huron  and  Superior. 

In  1886,f  Dr.  Hunt's  conception  of  the  succession  of  the  Azoic 
Bocks  was  freshly  set  forth  with  a  result  of  which  a  brief  abstract 
is  as  follows: 

SiLUBIAN . 

Obdovician. 

Cambrian. 

Keweenian.    Upper  division  of  Upper  Copper-bearing  series. 

*Speciai  Report  on  the  Trap  Dyken  and  Azoic  Rocks  of  soUOieagtem  Pennaylvania,    Bf  T. 
Sterry  Hunt.  Part  I.  Historical  Introduction.    Harrlsbur?,  1878  pp.  2S3.    [Being  E  of 
the  series  of  Survey  Beports.    This  Report  Is  dated  18r5,  though  the  Prefaos  bears  dat« 
1878.] 

^Mineral  Physiology  and  Physiography,  a  second  series  of  Chemical  and  Oeologloal  iSs* 
says,  with  a  General  Introduction.    Boston,  1886, 8vo,  pp.  xvii  plus  710. 
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Tagoniai^.  Lower  diviaion  of  Upper  Copper-bearing  series. 
Qaebeo  group  of  Logan. 

MONTALBAN. 

HUBONIAN.     ?Pebidian  of  Hicks. 

Abvonian.  (Formerlypart  of  Huronian.)  Petrosilex  series, — 
jaspers  and  porphyry.  HdlleflintOy  Sweden.  Arvonian  of 
Hicks. 

NoRiAN.     (Formerly  Upper  Laurentian  or  Labradorian. ) 

Laurentian.  (Former  Lower  Laurentian.)  ?Leiois%an  of 
Murch. 

Qrenville  series.    Typical  Laurentian  (Former  Middle  Lau- 
rentian. )     Dimetian  of  Hicks. 
Ottawa  gneiss.''^ 

Dr.  Hunt  has  always  been  resolutely  opposed  to  the  identifica- 
tion of  the  Animike  Series  with  the  proper  Huronian.  The  fol- 
lowing passage,  among  many  others  is  explicit: 

'*The  fact  that  the  Taconian  or  Animike  series  in  Northern  Mich- 
igan, rests  sometimes  upon  the  Granitoid  or  Gneissic  group, 
sometimes  upon  the  Dioritic  group,  of  Bominger,  and  elsewhere 
upon  a  mica  schist  series  having  the  characters  of  the  Montalban, 
goes  far  to  show  its  stratigraphical  distinctness  from  all  three  of 
these.  Its  separation  from  the  Dioritic  group  was  early  noticed 
'  by  Logan,  when  he  described  the  uoconformable  superposition  of 
this  series  (the  lower  division  of  his  Upper  Copper-bearing  series) 
on  the  ancient  greenstone  (Huronian)  series,  and  the  presence  of 
portions  of  this  in  the  basal  conglomerates  of  the  latter.  There 
are,  however,  as  I  have  elsewhere  noticed  {Azoic  Rocks,  p.  202,) 
certain  mineralogical  resemblances  between  the  Taconian  and  the 
softer  and  more  schistose  beds  of  the  Huronian,  with  which  they 
were  confounded  by  Murray  at  more  than  one  locality  along  the 
north  shore  of  Lake  Superior.  Hence,  after  visiting  the  Marquette 
district  in  1861.  he  did  not  hesitate  to  call  the  iron-bearing  series 
of  that  region  Huronian;  a  designation  adopted  by  the  Geological 
Survey  of  Canada.  In  this  he  was  followed  by  J.  P.  Kimball  in 
his  study  of  the  Marquette  iron  ores  in  1865,  by  Hermann  Credner 
in  1869,  by  T.  B  Brooks  in  1873  and  again  by  Irving  in  1883- 
All  of  these  include  the  two  series  under  the  common  name  of  Hu- 
ronian, and  the  estimates  of  the  thickness  of  the  Huronian  have 

*Tbe  following  refereaces  may  be  raade  to  opinions  of  Dr.  Uuut  on  tho  geology  of 
New  Brunswick:  Uunt:  Oe(»logy  of  Canada^  1860,  pp.  ZiS,  238;  Amer.  Jour.  Sci,^  II,  1870, 1,  p 
SO  (Oompare  Proc.  Amer.AMoc..  1871.  p.  3'i;)  Azoic  rocks^  1878,  181,  188,  18:*;  Proc.  Amer' 
Auoc.,  1873,  B,  116, 117:  1879, 283-7;  Amsr.  Jour.  Set.,  1883,  III.,  xix, 273-5;  Boston  Proe,,  1875 
XTil,509:  id.,  xix.  278;  Preface.  2d.  ed.  Chemical  and  GeolooiccU  Essays,  p.  xxix;  Mineral, 
PhytMofry  and  Physiography^pp.  407-8,  572-4. 
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been  based  upon  that  of  the  two  united.  The  distinctness  of  the 
underlying  Dioritio  group  with  its  serpentines  and  chloritie  rocks, 
which  together  constitute  the  Hnronian  orpielreverdi — alike  from 
the  older  granitoid  and  gneissic  group,  from  the  mica-schist  or 
Montalban  group  and  from  the  great  overlying  Animike  or  Tacon- 
ian  system,  inclading  the  quartzites,  marbles,  iron-ores  and  argil- 
litesy  is  however,  manifest.  The  succession  is  thus  brought  into 
complete  accordance  with  that  which  is  found  in  many  parts  of  the 
Appalachians,  as  well  as  in  southern  Europe,  as  is  pointed  oat  in 
part  iv  of  Essay  X."* 

Dr.  Hunt,  in  other  passages,  recognizes  the  presence  of  the  Ani- 
mike (Taconian)  or  true  Huronian  in  the  Upper  Peninsula  of 
Michigan.     He  writes: 

"Besting  in  some  cases  upon  this  groupf  and  in  others  upon  the 
granitoid  rocks  is  a  great  system  divided  in  ascending  order  by 
Bominger,  in  1880,  into  a  Quartzite  group  (which  includes  a  mar- 
ble series,)  an  Iron-ore  group,  and  an  Arenaceous-slate  group,  all 
of  which  appear  closely  connected.  The  system  comprises  heavy 
beds  of  quartzite,  often  schistose  and  with  conglomerates,  inter- 
stratified  and  overlaid  by  argillites  of  various  colors,  with  graph- 
itic, hydro-micaceous  or  sericitic  slates,  beds  of  jasper,  of  hsamatite 
and  magnetite,  either  pure  or  disseminated,  and,  in  the  upper  por- 
tion, limonite  and  siderite.  The  limestones  form  in  the  upper  part 
of  the  qaartzite  division,  great  masses  of  white  crystalline  marble^ 
sometimes  with  mica  and  tremolite  and  sahlite;  at  other  times  they 
are  reddish  or  dull  and  compact.  The  iron  ores  appear  to  be  in 
two  horizons,  one  below  and  one  above  a  great  body  of  limestone. 
To  the  latter  are  referred  the  ores  of  the  Gogebic  and  Menominee 
districts,  and  to  the  former,  those  of  Marquette  and  Felch  mountain, 
with  which  those  of  Yermillon  lake  io  Minnesota,  appear  to  be 
identical.  The  argillites  which  overlie  the  latter  are  those  seen  in 
the  St.  Louis  river  and  at  Thompson,  Minnesota,  which  are  by 
Bominger  compared  with  argillites  at  L*Anse  and  Huron  bay."^ 

George  F.  Matthew  and  Assooiates  in  New  Brunswick. 

Several  different  Canadian  geologists  have  participated  in  the 
investigation  of  the  geology  of  the  maritime  provinces  of  British 
North  America.  The  pioneer  among  them  was  the  present  Sir 
William  Dawson,  whose  special  studies  for  the  greater  part,  have 

•Mineral  PhysMoay,  581-2. 

'tThe  Dioritio  group  of  Romlnger. 

tMlnenU  PhygMogy,  pp.  579-80.  The  writer  has  elsewhere  recorded  bis  Independent 
recognition  of  the  existence  of  two  discordant  systems  in  the  Marquette  Iron  region— 
SigUenih  Anna.  Rep.  Minn.,  pp.  178-0, 186. 


Bi»ixii»\viek, 
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iialley,  1880, 


Bailey,  Matthew  &  Ells,  1878-9. 
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■         CVrtaIn  feldspar  p<irphy- 
I  ries. 
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.-and  Lower  Kluf^stoii. 
^tal      Coastal  Ki'* 
1         ,    Talo  schists,  c'oiij^l. 
(lid-     llmestuiii'. 

('oldbi-«K>k  jrr.  FellstioJJ 
1 


etc*. 


Slluriau. 

('afiibro-Siluriau. 
Cambrian  or  Primordial. 


IviiiKston  Division:  /6'. 
relslte.  schist,  slate  cong..  felslte 
eoiiK.  and  clay  slate, 
('oastul  Division: 
Ciiloritio.  felspathie  and  taleose: 
scbistuse  cong. 
C'oldbrook  Division: 
Petrosilex   and  felslte,  agKloni- 
crates,  diorites,  etc. 


,<>lo- 'Finer  gneiss. q  uartxites  '^yeuite  and  Kneis.s,  quartzitc.  f«*l- 


.  and 


Vllastings. 
('i)ai'se  >cnelss./.> 


site,  limestone,  mica  and  felslte 
sch  Ists. 
Syenlle-jrneiss  and  felslt«. 


;)ut,  from  its  litholoffical  characters  placed  in  the  Huronian.J 
i  Coastal  overlies  them. 
•Silurian  in  Uep.  of  1874-5,  pp.  H4-!». 

evidence  of  at  least  a  partial  uncHmformal)lllty." 
p  blocks,  or  what  appear  to  have  been  detached  masses  of  gneis<i 
le<i  in,  the  granite    in  such  away  as  to  look  like  u  coarse  cou- 

A'  of  Lake  Superior. 
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1)6en  palsBontoIogical.*  Among  those  who  have  contributed  im- 
portant original  observations  and  have  studied  especially  the  oldest 
rooks,  are  George  F.  Matthew,  L.  W.  Bailey  and  B.  W.  Ells.  This 
I>ortion  of  the  continent  presents  great  geological  difficulties,  and 
the  interpretations  of  the  phenomena  have  been  very  diverse.  The 
differences,  however,  have  been  rather  of  local  than  of  geognostic 
significance ;  and  it  is  therefore  not  intended  to  trace  the  histori- 
cal development  of  opinion  into  detail.  Following  Sir  William 
Dawson,  Mr.  George  F.  Matthew,  in  1863,  presented  the  results  of 
a  well  elaborated  series  of  observations  on  the  geology  of  St.  John 
ootinty.  New  Brunswickf  and  proposed  an  arrangement  of  the 
rooks   which   will    be  reproduced  synoptically  in  the  following 

table.t 

The  table  which  follows  is  compiled  from  papers  cited  in  this 

connection. 

Chables  H.  Hitchcock. 

Professor  G.  H.  Hitchcock's  survey  in  the  state  of  Maine  did 
not  lead  him  into  researches  possessing  any  important  bearing  on 
the  development  of  American  opinion  respecting  the  nature  and 
origin  of  the  older  rocks!  The  official  character  of  his  connection 
with  the  Vermont  survey,  the  first  volume  of  the  final  report  of 
which  was  published  in  1861,  though  prepared  in  1859,  was  as 
chemist  of  the  survey.  But,  provision  for  the  chemical  work  be- 
ing inadequate,  professor  Hitchcock  devoted  much  attention  to 
geological  investigations.  Among  these  was  the  preparation  of  a 
chapter  on  ''Azoic  Bocks"  and 'contributions  on  "Steatite  and  Ser- 
pentine" and  ''Haccharoid  Azoic  Limestone."§ 

*  Acadian  OeaHogy.  The  OtoLogical  Structure,  Orfjajiic  Remains  and  Mineral  BesourceB  of 
Ifova  Seotia,  New  Brumwiok  and  Frince  EdwanTa  Island.  First  edition,  1856, 2d,  1868  (with 
Information  posted  to  date),  8d,  1878.  For  other  recorded  opinions  of  Sir  William  Daw- 
son, see  Can,  NaL  and  Geol.,  1861, 1,  vi,  164 ;  Quar,  Jour,  Qeol,  Soe.,  1862,  xviii,  303.  Sir  W. 
E.  Logan  made  a  reconnoissance  of  the  Bona  venture  formation  in  1843;  and  Dr.  Abra- 
ham Gesner  mac^  a  report  to  the  New  Brunswick  government  at  nearly  the  same 
date.  ^ 

fOanadian  Naturaiist  and  Oeoloaittt  vili,  241-260,  Aug.  1663.  For  later  views  see  Quar. 
Jour.  Geol,  8oo„  1865,  xxi,  422-434. 

Chelator  studies  of  Messrs.  Matthew,  Bailey,  Hartt,Ells  and  others  may  be  consult- 
ed as  follows  :  Bailey  :  Catiadian  Naturalist,  1864, 81-07  (a  rapid  reconnoissance);  Bai- 
ley, Matthew  and  Hartt :  Observations  on  the  OeoHogy  of  Southern  New  Brungwieh,  1865 : 
H.  Y.  Hind :  PreUm,  Report  on  the  Oeol,  of  New  Brunswick,  1865 ;  Bailey  and  Matthew : 
Proc  Amar,  Assoc.,  1804,  xviii,  179*195  (revised  to  April,  1870);  Bailey  and  Matthew: 
OeoL  of  Can.  Report  of  Proffress,  1870-71, 13-240  (proposing  numerous  changes  on  recom- 
mendation of  Dr.  Hunt) ;  Matthew:  Report,  1874-6,  pp.  84-0 ;  Report  for  1876-7,  322-350  ; 
Hugh  Fletcher :  Same  Report,  405-426  ;  R.  W.  Ells:  Rep.  Prog*  for  1877-8,  D.,  pp.  1-12 : 
L.  W.  BaUey:  Rep.  1877-8,  DD.,  pp.  1-34;  O.  F.  Matthew:  Same  Rep.,  E  ,  pp.  1-6; 
Bailey,  Matthew  and  Ells:  Rep.,  1878-0,  D.,  pp.  1-26 ;  B.  W.  Ells:  Rep.,  1870-80,  D.,  pp. 
80-12 ;  Rep.,  1880-82,  D.,  pp.  17-10 :  Bailey:  Proc.  Amer.  Assoc.,  1880, 416,  417 :  C<tn.  Rep., 
1888-4,  E.,  pp.  31-34  ;  A.  P.  Low:  Rep.,  1882-4,  F.,  pp.  16-20 ;  B.  W.  Ells:  Rep.,  1885,  E. 
pp.  S4-63.    Dr.  T.  S.  Hunt*s  recorded  opinions  have  been  already  referred  to,  Ante.  p.  ISO 

%Oeoloay  of  Vermont,  I,  pp.4fi2-474  and  533-568. 


168  EIGHTEENTH  ANNUAL  BEPOBT 

In  'oonaonance  with  views  generally  preyailing  at  the  time,  he 
expresses  the  opinion  respecting  the  azoio  rooks,  that  "stratifica- 
tion and  lamination  appear  to  have  been  prodacel  by  original  de- 
position in  water."  Speaking  of  the  difficulty  of  distinguishing, 
in  some  cases,  between  the  lines  of  sedimentary  structure  and 
cleavage  and  foliation,  he  says:  ''We  have  not  attempted  it  [dis- 
tinction of  bleavagej  to  much  extent  in  the  slates  of  Vermont;  still 
less  have  we  tried  to  draw  a  line  of  distinction  between  the  folia- 
I  tion  of  the  schists  and  stratification;  for  this  is  a  still  more  difficult 
work.  Hence  the  strikes  and  dips  which  we  shall  give  are  those  of 
foliation  and  cleavage.  But  we  believe  that  these  usually  cor- 
respond essentially  with  the  stratification.  In  the  fossiliferous 
clay-slates  of  the  western  part  of  the  State,  as  well  as  in  the  lime- 
stones, we  not  unfrequently  have  found  the  cleavage  planes  mak- 
ing quite  an  angle  with  those  of  the  original  deposition;  but  in  all 
those  belts  of  slate  interstratified  with  the  more  thoroughly  met- 
amorphosed schists,  the  two  seem  usually  coincident."  (p.  452.) 

No  attempt  is  made  to  give  the  azoic  rocks  either  a  systemic,  a 
geognostic  or  a  chronological  arrangement.  Fifteen  species  are 
enumerated  and  lithologically  described. '  Five  and  a  half  qaarto 
pages  are  devoted  to  a  catalogue  of  isolated  instances  of  strike  and 
dip,  though  very  little  attempt  is  made  to  correlate  them  in  a  gen- 
eral system  of  structure.  It  is  stated  however,  that  three  disting- 
uishable ranges  of  gneiss  traverse  the  state:  the  Green  mountain 
range,  the  middle  range  and  the  Connecticut  river  range.  The 
first  of  these  is  thought  a  continuatinn  of  the  Hoosac  mountain 
range — the  gneiss  of  the  Green  mountains  resulting  from  the  ac- 
cession of  feldspar  to  the  mica  schist  of  Massachusetts,  though 
often,  in  Vermont,  passing  again  into  mica  schist.  Of  some  of  the 
gneiss  of  the  range  along  the  Winooski,  he  says  "it  resembles 
sandstone — ^the  crystals  of  feldspar  being  rounded  like  large  grains 
of  sand.  (p.  465.)  The  middle  range  is  less  exteni^e  and  more 
distinctly  gneissic.  Eastward  it  graduates  into  mica  schist.  The 
gneissic  range  near  the  Connecticut  river  consists  only  of  three 
patches." 

The  inessential  character  of  the  recognized  distinction  between 
gneiss  and  mica  schist,  as  indicated  in  the  transitions  along  the 
strike,  mentioned  above,  is  emphasized  by  further  statements. 
"Those  layers  of  the  rocks"  he  says,  "on  both  sides  of  the  moun- 
tain, which  all  would  regard  as  gneiss,  are  generally  interstratified 
with  other  layers  of  mica  or  talcose  schist  and  quartz;  and  the 
judgment  of  good  observers  would  differ  about  the  line  where  the 
gneiss  predominates  over  the  schists."     "Also,  as  we  pass  norther- 
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ly  along  the  line  of  strike  [of  the  Green  mountain  range]  along 
the  eastern  margin,  the  gneiss  is  rapidly  succeeded  by  mica  and 
talcose  schists..**  We  incline  to  the  opinion,  however,  that  a  nar- 
row belt  of  Green  mountain  gneiss  does  extend  across  the  whole 
State  of  Vermont.**  We  have  expressed  the  opinion  in  another 
place,  that  gneiss,  mica  and  talcose  schist,  and  even  some  beds  of 
quartz,  may  be  only  metamorphic  varieties  of  the  same  original 
formation."     (p.  470.) 

Of  hornblende  rook  he  says:     "It  is  found  associated  with  gneiss 
and  clay-slate  in  positions  much  like  dikes,  as  well  as  in  regular 
beds."     Referring  to  the  opinion  expressed  by  MacCulloch,  that 
hornblende  rock  and  hornblende  schist  may  result  from  the  met- 
amorphism  of  clay- slate,  professor  Hitchcock  states  that  Bischof 
has  shown  it  possible  that  "even  in  lava,  the  hornblende  [some- 
times present]  was  not  formed  at  the  time  of  the  protrusion  of  the 
lava,  but  subsequently  in  the  wet  way;  and  the  associations  of 
hornblende  schist  forbid  the  idea  that  it  was  a  volcanic  product.*' 
In  reference  to  steatite  and  serpentine,  professor  Hitchcock 
states  that  "there  are  at  least  sixty  beds  of  steatite  in  Vermont, 
and  twenty-five  beds  of  serpentine.     The  aggregate  of  serpentine 
is  more  than  double  that  of  steatite.    Regarding  the  steatite  and 
serpentine  rocks  as  of  one  age  in  each  range,  he  concludes  that 
there  are  four  ranges,  and  that  these  are  of  different  ages. 

As  to  origin,  he  regards  serpentine  as  originally  stratified,  refer- 
ring to  its  conformability  with  the  foliation  of  the  rocks  which 
embrace  it.  There  is  no  protruded  serpentine  in  Vermont.  Stea- 
tite, probably,  had  a  similar  origin.  He  believes  in  the  change  of 
"some  beds  of  hornblende  schist  and  diorite  or  greenstone,  into 
serpentine."  (p.  664.) 

In  general  connection  with  the  subject  of  metamorphism,  profes- 
sor Hitchcock  makes  the  following  just  remarks: 

"The  distinction  between  stratified  and  unstratified  rocks  has 
been  usually  regarded  as  one  of  the  most  trenchant  aod  reliable 
in  the  science  of  geology.  And  so  long  as  it  was  considered  a  cer- 
tain fact  that  the  stratified  rocks  were  exclusively  deposited  by 
water,  and  the  unstratified  all  resulted  by  dry  heat,  it  is  not  strange 
that  geologists  should  have  looked  upon  the  line  between  the  two 
classes  as  very  distinct  and  recognizable.  But  now  that  it  is  so 
generally  admitted  that  hot  water  has  been  the  most  efficient  agent 
in  metamorphosing  the  stratified  rocks,  and  converting  some  of 
them  into  the  unstratified,  we  can  see  how  the  distinction  between 
them  should  often,  be  very  obscure  and  uncertain.  Such  is  cer- 
tainly the  case  with  serpentine  and  dolomite,  both  of  which  are 
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sometimes  stratified  and  sometimes  unstratified  We  are  appre- 
hensive  that  some  other  system  of  classification  most  be  adopted,  to 
include  such  rock  and  also  such  varieties  of  gneiss,  and  even  some  of 
the  schists."  (pp.  55i-5.) 

The  results  of  the  studies  of  professor  Hitchcock  and  his  collab- 
orators in  the  geology  of  New  Hampshire  are  embraced  in  three 
massive  royal  octavo  volumes.*  They  embody  a  vast  amount  of 
faithfully  elaborated  information  in  a  region  of  extreme  difficulty, 
which  had  hitherto  received  vastly  less  geological  than  mineralog- 
ical  study.  The  state  presented  extraordinary  difficulties,  arising, 
first,  from  the  absence  of  organic  remains,  those  time-marks  by 
which  the  geologist  is  able  to  recognize  his  position  in  the  prepress 
of  8Bons  past,  and  secondly ,  from  the  destruction  of  the  traces  of 
superposition  by  those  orogenic  disturbances  which  almost  wholly 
obliterated  the  records  originally  made;  and  ^na%,  by  the  meta- 
morphism  which  had  not  only  transformed  the  aspects  and  con- 
stitution of  rock-masses,  but  had  effected  alterations  of  such  varying 
nature  and  degree  as  to  defy  identification  by  the  usual  resemblances. 
In  this  trackless  geological  wilderness  the  geologist  entered, 
meagrely  equipped  for  his  great  work,  and  reported  to  the  state 
and  to  the  world  the  progress  made  from  year  to  year,  until  lapse 
of  time  and  exhaustion  of  means  rendered  it  imperative  to  pronounce 
final  verdicts.  As  a  matter  of  obvious  necessity,  the  geological 
conception  underwent  revision  and  augmentation  with  every  sea- 
son's addition  of  knowledge.  But  it  was  a  peculiar  merit  of 
professor  Hitchcock's  advaocing  work  that  he  was  ever  ready  to 
announce  the  shape  which  his  conception  of  the  State's  geological 
structure  and  history  had  attained  after  the  latest  acquisitions  of 
observed  fact.  A  less  unsuspicious  mind — ^perhaps  it  might  be 
said,  a  more  judicious  method,  would  have  enforced  more  reserve. 
The  difference  would  be  that  a  more  prudent  investigator  would 
have  reached  thoughts  not  more  mature  and  final,  but  would  have 
held  his  "best  thoughts"  in  reserve;  while  EUtchcock  freely  shared 
them  with  the  public.  It  has  been  found  possible  to  cast  censure 
on  professor  Hitchcodc  that  his  annual  announcements  6f  status 
reached  were  so  conflicting  and  changeful;  but  a  just  and  generous 
view  must  regard  them  simply  as  marks  of  the  progress  of  ideas, 
and  enoouragments  to  all  who  may  be  grappling  with  equal  diffi- 
culties. 

•Geology  of  New  Hamp&Mrt,  By  C.  H.  HItohoook,  J.  H.  Hantlnstoii,  Warren  Uphftm 
and  G.W.  Hawes,  Volume  i,oontalnln«  Part  I,  (1874)  •^Phyalcal  Geoffraphy.'*  attpp: 
Volume  11,  (1877.)  containing  Part  II,  **Stratlgraphlcal  Geology.**  6B5pp:  Volume  lU, 
(1978),  containing  Part  III,  ''Surface  Geology,**  Part  IV,  "Mineralogy  and  Llthology,** 
Part  V.  "Economic  (Geology.** 
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It  occurs  to  the  writer  that  it  may  be  best  to  present  first,  the 
series  of  provisional  conclusions  announced  by  professor  Hitch- 
cock in  the  progress  of  his  work.  These  are  taken  substantially  as 
compiled  by  Whitney  and  Wadsworth — the  order  of  arrangement 
being  inverted,  in  conformity  with  the  method  of  this  memoir.* 


AmfUAi.  BBFOBT8.  18004872. 
First  Anmial  Reports  18S9, 

Upper  Schists. 
<2aebeo  Group. 

Aurlferoas  Conglomerate. 

Clay  Slate. 

Copper  Belt. 

Lower  (mostly  green)  Schists. 

Staurolite  Schists. 
White  Mountain  series  (Gnelsslc,  Granitic) 

2d  Annual  Report,  1870. 

Clay  Slates. 
Caldferous  Mica  Schist. 
OoOs  Group. 
Lower  Silurian. 

Quebec  Group. 

Merrlmao  Group. 
Common  Granite. 
Porphyrltlo  Granite. 
Laurentlan  (?)  Exeter  Syenites. 
Gozolo  (White  Mountain  or  Gnelsslc  Se- 
ries). ^ 

Soapstones. 

Limestones. 

Quartzyte. 

Porpbyrltlc  Granite. 

Syenite. 

Granite. 

Ohtaatollte  Slates. 

Andaluslte  Gneiss. 

Feldspathlc  Mica  Schist. 

Granitic  Gneiss. 

Ferruginous  Gnelas. 

Normal  Gneiss. 

ad  Annual  Report  1S71. 

CoOs  Group. 

Clay  Slate  and  Quartzytes. 

Laurentlan  (?). 

Norlan. 

Brecclated  Granite. 

Trachytlc  Granite. 

Common  Granite. 

Andaluslte    Gneiss    (White    Mountain 
Gneiss), 

Gneiss. 

Bethlehem  Gneiss. 

Porphyritlc  Gneiss. 

4th  Annual  Report,  tS72. 
DiviBion  3. 
Andaluslte  Slates  of  the  (3oOs  Group. 


Mica  Schist. 

Quartsyte. 

White  Mountain  Series. 
Andaluslte  Gneiss,  Ordinary  and  Im- 
perfect Gneiss,  the  Concord  and  Fits- 
William  Granite,  Soapstone  and  Lime- 
stone. 

Granite  Gneiss. 

Laurentlan. 
Granite  and  Porphyritlc  Gneiss. 

Dirlsion  2. 

Norlan  (Pemlgewasset  Basin). 

Green  Granite  and  Syenite. 

Four  Series  of  Compact  Feldspar. 

Spotted  Granite. 

Common  Granite. 
Laurentlan. 

Franoonla  Breccia. 

White  Mountain  or  Andaluslte  Gneiss. 

Bethlehem  and  Berlin  Gneiss. 

Porphyritlc  Gneiss  and  Granite. 

Division  1. 
Helderberg. 
Cambrian. 
OoOs  Group. 
Decomposing  Slates,  Dikes. 
Caldferous  Mica  Schist. 
Mica  and  Argillaceous  Schists. 
Quartzytes,  Staurolite  Schists. 
Auriferous  Clay  Slates. 
Huronian. 
Conglomerates  and  Quartzytes. 
Hydromlca  and  Talcose  Schist. 

Proc.  Ambb.  Assoc.  Adv.  op  Sgi.,  1872. 
xxl,  134, 136, 150. 

II.  PalsBozoic. 
Clay  Slates. 

Helderberg  Limestones, 
I.  Eozolc. 

5.  Older  Cambrian. 

Merrlmao  Group  and   probably 
Caldferous  Mica  Schist  of  the 
Vermont  survey. 
CoOs  Group. 
4.  Huronian. 

The  Taloose  Schist  Series. 
3.  Exeter  Syenites. 
2.  Norlan. 

/.  Red  compact  and  Crystalline 

Orthoolase  Felsite. 
e.  Dark    compact    Orthoolase 
Felsite. 


*Bua.  MuB,  Comp.  Zoat,,  Vol.  vii.,  p.  8M. 
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d.  CtompaotLabradorlteFelslte. 
c;  Osslpyte. 

b.  Trachytlc  Granite, 
a.  Oommon  Granite. 

1.  Laurentian. 

/.  Range  of  Gneiss  between 
Whltefleld  and  Milan,  con- 
siderably Hornblendlc. 

e.  Gneiss  on  both  flanks  of  the 

Porphyrltlc  variety  in  the 
south  part  of  the  State,  car- 
rying the  Concord  and  Fltz- 
william  Granite,  and  is 
probably  the  Beryl-bearing 
Series, 
d.  Gneiss  of  Lake  Wlnnipiseo- 
gee  Basin. 

c.  Bethlehem  or  Taloose  Gneiss. 
h.  White    Mountain    Series    or 

Andalusite  Gneiss. 
a.  Porphyrltlc  Gnels.s. 

Proc.  Boston  Soc.  Nat.  Hist.,  .1873. 
XV.  304-300. 

V.  Palaeozoic. 

B.  Clay  Slates. 

A.  Helderberg  Limestone. 
IV.  Mostly  Cambrian  (?). 

F.  Mount  Mote  Conglomerates. 

E.  Green  Granite. 
D.  (Hay  Slates. 

C.  CoOs  Group. 

B.  Merrimac  Group. 

A.  Mica    Schists    of    R<K'khigham 

County. 
III.  Huronian. 

Feldspar  and  Talc. 
Whitish  Schists. 
Green  Schists. 

Talcose  and  Auriferous  (Conglom- 
erates. 
II.  Laurentian. 

H.  Syenites  of  Exeter  and  Tripyra- 
mid. 

G.  Reddish  compact  Orthoclase. 

F.  Red  compact  Orthoclase. 
K.  Dark  compact  Orthoclase. 

D.  Dark  compact  Labradorite. 

C.  Osslpyte. 

B.  Spotted  Granite. 

A.  Common  Granite  of  the  AVhlte 

Mountains. 
I.  Laurentian  (?k 

C.  White  Mountain  or   Andalusite 

Gneiss. 

B.  Bethlehem  Gneiss. 
A.  Porphyrltlc  Gneiss. 

Proc  Amxr.  Assoc.  Adv.  Sci..  1h7:j. 
xxii,  120-131. 

IVinnipiMogee  Lake. 
Eozoic. 
Mica  Schist. 
Eruptive  Syenite. 


Labradorian. 
Felsltes  or  Compact  Feldspars. 
Eruptive    Granites    of    the    Osslpee 
Mountains. 
^Laurentian  ( ?). 
White  Mountain  Series. 
Winnipiseogee   Lake  Gneiss   Forma- 
tion. 
Porphyrltlc  Gneiss  or  Granite. 

Geology  op  New  Hampshire,  1874 
1,506-639. 

Helderberg  Period. 
Mica  Schist  Period. 

CoOs  Group. 

(.>*ambrlan  Auriferous  Clay  Slates. 

Merrimac  Group. 

Rockingham  Mica  Schist. 

EOKOiC. 

Huronian. 

Conglomerate. 

.Serpentine  with  Slllcious  Schist,  and 
Dolomite  and  Soapstone. 

('opper  and  Iron  Beds. 
Labrador. 

Eruptive  Syenite. 

Fine  Sedimentary  Deposits. 

Chocorua  Granite. 

Albany  Granite. 

Conway  Granite. 
Atlantic. 

Franconia  Brecelu  Group. 

Montalban. 

Lake  Gneiss. 

Bethlehem. 
Laurentian. 

Porphyrltlc  Gneiss. 

WAIiLING'R  ATLAR  OF  NEW  HAMPSHIRE, 

1877. 
Palasozoic.  • 

Silurian. 

Slates,  Conglomerates,  etc. 

Helderberg  Limestones. 
Cambrian. 

Mt.  Mote  Conglomerate. 

Clay  Slates. 

(JoOs  Group. 

Calclferous  Mica  SchLsts. 

Rockingham  Schists. 
Huronian. 

Auriferous  Conglomerate. 

Lyman  Group. 

Lisbon  Group. 
Labrador  or  Pemlgewasset. 

Exeter  Syenites. 

Compact  Feldspar. 

Osslpyte. 

Chocorua  Granite. 

Albany  Granite. 

(5onway  Granite. 
Atlantic. 

Franconia  Breccia. 

Montalban  or  White  Mountain  Series* 

Lake  Winnipiseogee  Gneis.H. 
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Bethlehem  Gneiss.  Montalban. 

Laurentian.  Franconla  Breccia. 

PoTphyritlc  Gneiss.  FlbroUte  Schists. 

6.0K)0T  OF  NBW  HAMPSHna,  im.  i^'^T"  ^'"'*"' 

11   ff7i  A7R  Concord  Granite, 

u.  or#,  Ota.  Gneiss  and  Feldspathic  Mica  Schlst«. 

i.  Strat1fiMGrouj».  Laurentian. 

Palaeozoic.  Lake  Winnlpiseogee  Gneiss. 

Lower  Helderberg.  Bethlehem  Fine-grained  Gneiss. 

Oalciferous  Mica  Schist.  Bethlehem  Ordinary  Gneiss. 

OoOs  Group.  Porphyritlo  Gneiss. 
StauroUte  Slate. 

Mica  Schist.  ^^'  Eruptive  Mamat. 

Quartzyte.  Augltic. 
Gambrlan  Slates.  Diabase. 

Palaeozoic  (7).  Dlorlte. 

Kearsarge  Andaluslte  Group.  Feldspathic. 
Rockingham  Mica  Schist.  Trachyte. 

Merrimao  Group.  PequawKet  Breccia. 

Ferruginous  Slates.  Porphyry. 

Eosoio.  Labradorite  Diorlte. 

Upper  Huronlan.  Granitic. 

Auriferous  Ck)nglomerate.  Exeter  Syenite  and  Dlorlte. 

Lyman  Group.  Syenite  of  Mt.  Gunstook,  &c. 

Lisbon  Group.  Granite  not  oUierwiae  Assigned. 

Swift  Water  Series.  Granite  cutting  CoOs  Group. 

Hornblende  Schist.  Chooorua  Series. 

Lower  Huronlan.  Albany  Granite. 

Labrador.  Conway  Granite. 

In  a  region  where  palsBontologicHl  aids  to  investigation  are  want- 
ing, the  geologist  mast  rely  on  indications  of  superposition,  physical 
conformities,  characteristic  minerals  and  petrographic  resemblan- 
ces. The  application  of  the  petrographic  criterion  is  involved  in 
distracting  difficulties  by  the  progressive  and  unequally-paced 
changes  which  crystalline  aggregations  have  undergone  in  the 
presence  of  the  dynamic  agents  of  geology.  Hence  the  greater 
necessity  for  seeking  always  the  evidences  from  superposition. 
Professor  Hitchcock,  with  a  true  evaluation  of  th6  only  expedients 
available,  enunciated  in  1873,  the  fundamental  principles  by  which 
he  was  guided: 

'*Logan,  in  1855,"  he  says,  ''described  a  system  of  rocks  overly- 
ing unconformably  the  Laurentian  gneisses  about  Lake  Huron, 
which  were  distinguished  by  means  of  lithological  characters.  All 
geologists,  therefore,  who  use  the  name  Huronian,  of  necessity 
practically  adopt  this  principle,  though  perhaps  insensibly.  We 
do  not  claim  that  a  talcose  rock  can  never  be  found  in  any  other 
system  than  the  Huronian,  nor  that  gneiss  may  never  be  stratified 
with  the  hydromicas.  Professor  Dana's  recent  paper  shows  that 
gneisses,  quartzitea  and  limestones  are  interstratified  in  the  Silur- 
ian of  western  New  England.*  In  no  instance  would  we  claim 
that  mineral  character  is  sufficient  to  distinguish  systems  without 

*Proc.  Amor.  Ahmk.,  1873.  Sec.  B,  p.  147. 
-12 
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a  stody  of  the  relations  of  the  strata.  We  may  sometimes  gttier- 
alize,  and  belieTe  that  rocks  of  similar  mineral  efaaracters  must  be 
of  the  same  age,  but  such  speculations  moat  always  provide  for 
confirmation  by  a  stndy  of  the  strata."* 

An  application  of  the  mineralogical  criterion  is  seen  in  what»  in 
the  report  for  1870,  is  called  ^porphyritic  gneiss." 

'^There  are  over  Thirty  areas  of  porphyritic  gneiss  in  which  tiie 
feldspar  crystals  are  rery  conspicooos  for  their  size,  the  rock  be* 
ing  the  Augen^gneiss  of  Europe.  I  assnme  that  all  the  areas  of 
this  rock  are  identical  in  age,  and  in  specolating  upon  the  relatiye 
positions  of  the  intervening  gronpe,  rely  upon  the  correctness  of 
this  starting-point**  The  fact  of  minor  differences  wonld  secmi 
to  confirm  onr  assumption  of  their  identity  in  age^  just  as  the 
palaeontologist  finds,  from  the  presence  of  the  same  fossils,  proof 
of  contemporaneity  in  the  rocks  with  dissimilar  mineral  character. 
From  these  facts  it  is  inferred  that  the  porphyritic  gneiss  is  older 
than  the  Lake  or  the  Montalban  gneisses,  the  last  being  the  new- 
est** It  may  as  well  be  said  now  as  at  any  time,  that  nothing 
older  than  the  porphyritic  gneiss  has  yet  been  discovered.  This 
formation  constitated  the  first  dry  land  in  the  State."t 

Professor  Hitchcock's  changes  of  opinion  are  iUnstrated  in  his 
record  in  reference  to  the  Norian.  This  division,  following  Hont, 
was  first  introduced  into  the  report  for  1871.  Of  its  relative  posi- 
tion he  says: 

"All  will  agree  that  the  mineral  labradorite  belongs  to  the  origi- 
nal Laurentian  system;  and  therefore,  by  its  discovery  in  New 
Hampshire,  will  be  satisfied  that  some  of  our  crystalline  rocks  be- 
long to  the  older  series  of  theEozoic,  and  not  the  PalsBozoic.  Hence 
the  prevalent  opinion  respecting  the  age  of  the  New  England  metam- 
Orphic  rocks  must  be  changed  to  conform  with  the  discovery  of 
labradorite  in  our  state.*  *  Our  conclusions  as  to  the  absolute  and 
relative  ages  of  the  New  Hampshire  formations  depend  upon  the 
reference  of  some  of  them  to  the  Norian  system  of  Hunt."| 

Professor  Hitchcock,  therefore,  in  establishing  the  high  geolog- 

•Pro.  Amer.  Amoc.,  1873,  Sec.  B.  p.  147. 

f  Final  Bepart  vol.  il,  pp.  660,  (MM),  663, 664. 

XReportf  187U  PP*  4-10.  The  allusion  made  In  the  above  paragraph  may  he  Illustrated 
by  the  following  citations:  "To  the  Chemung  and  Portage  group  of  New  York*  *  may 
perhaps  be  referred.  In  part,  the  rocks  of  the  White  Mountains  (Hunt,  Amer.  Jour,  8oi^ 
1850,  II.  ix,  p.  10;  Proc.  Amer.  Assoc.  1840,  II,  pp.  333,334.)  "It  is  moreover  probable  that 
the  rocks  of  New  Hampshire,  including  the  White  Mountains,  are  altered  strata  of 
Devonian  age.**  (Hunt,  Oeol.  of  Canadot,  1863,  p.  508.)  The  same  opinion  was  reiterated 
In  1867  (Esqulsse  g6oU>fftque  du  Canada,  p.  23;  BuU.  Soe.  gSotogique  de  France,  1867,  II,  xxlv. 
p.  687.)  In  1860,  professor  J.  P.  Lesleyexpressed  the  opinion  that  the  range  of  the  White 
Mountains  would  prove  to  be  synclinal  instead  of  anticlinal,  and  therefore  of  probable 
Devonian  age.    {Proc.  Acad.  Nat.  Sd,  PhU.,  1860.  xil,  pp.  363-364.)    Logan,  also,  accord- 
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ioal  antiquity  of  the  White  moaatains,  had  a  long-strengtheniDg 
sentiment  to  combat.  It  was  recognized  however  as  Norian  by 
Hunt,  in  1873.* 

In  1872,  Hitchcock  more  formally  defended  the  supposed  sedi- 
'mentary  character  of  these  rocks: 

''It  is  a  perplexing  matter  to]determine  the  lines  of  stratification, 
:as  the  outcrops  are  divided  by  two  prominent  sets  of  jointed  planes, 
either  of  which  might  be  called  layers  of  deposition,  the  rock  being 
essentially  homogeneous.  One  set  dip  20*^  northerly,  and  are  the 
most  numerous,    The  other  dip  about  76*^  WlO^S."t 

In  theBeport  for  1872»  published  later  than  this,  he  adds: 

"As  the  latter  [jointsj  corre»pond  better  in  position  with  the 
supposed  strata  of  nodular  gneiss,  it  was  thought  they  indicated 
the  proper  lines  of  deposition."^ 

These  beliefs  were  iterated  in  1872.  Boferring  to  the  same 
locality  and  the  same  terrane,  he  says: 

"The  rock  seems  to  be  stratified,  its  planes  dipping  about  20^ 
northerly  *  *  The  importance  of  this  discovery  may  be  best 
appreciated  by  remembering  that  thOgpresence  of  the  lime  feldspars 
affords  a  strong  presumption  that  the  rocks  are  Eozoic,  and  not 
metamorphic  PalsBozoic  formations.  It  seems  to  be  generally  ad- 
mitted by  geologists  that  the  feldspars  are  confined  to  the  older 
rocks,  except  as  found  in  eruptive  trappean  and  volcanic  ma8ses."§ 

In  the  second  volume  of  the  Final  Beport,  he  adheres  to  the 
same  opinions: 

"I  was  at  first  satisfied  that  this  rock  was  gneiss,  but  did  not 
recognize  its  true  place  in  the  porphyritic  group.  Subsequently 
I  referred  it  to  the  '*trachytic"  or  Albany  granite,  but  a  re-exami- 
nation in  1875,  shows  that  it  belongs  to  the  oldest  of  our  forma- 
tions, and  is  distinctly  stratified,  traversed  by  trap  dykes,  and 
narrow  banded  veins  of  quartz  *  *  The  labradorite  rocks  with 
a  very  moderate  dip,  rest  unconformably  upon  the  greatly  upturn- 
ed edges  of  the  Montalban  schists,  as  if  there  had  been  large  up- 
heavals at  the  close  of  the  Montalban  period,  and  comparatively 
little  distarbance  since.  *  *  The  facts  as  interpreted,  are  of  great 
<x>nsequence,  since  they  fix  the  geological  horizon  of  the  whole 

Ing  to  Hunt,  regarded  them  as  probably  "altered  Devoalan  strata"  (Aaoic  Rock»  pp. 
80.87,182.)  (See  also iim«r.  Jour.  Set.,  II,  ix,  19,  1849;  II,  xxxl.  403,  1881.)  In  1870.  Hunt 
pronounced  the  White  mountains  Terranovan.  ^mcr.  Jour.  5c(.,  II.  1.  83-00, 1870.  The 
▼arlous  older  opinions  are  reWewed  at  length  by  Hitchcock  In  Final  Report,  11, 184« 
196,204-7. 

•Proc.  Bo9Um  Soe,  Nat,  Hist,  xv,  p.  310, 1873. 

f'The  Norian  Books  of  New  Hampshire,**  Amer.  Jour,  Sci.  Ill,  111,  43-47, 18?2. 

tAnn,  Rep.  1572.,  pp.  15, 16. 

%Proo,  Amer,  Auoc.,  1872,^  xxl,  pp.  130-151. 
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Atlantic  Bystem,  while  oonsiderationB  of  a  Btratigraphioal  character 
confirm  this  impreesion.  *  *  The  discovery  of  the  Labrador  sys- 
tem, overlying  the  most  abundant  and  characteristic  White  Moon- 
tain  strata,  makes  it  clear  that  the  latter  are  older  than  the  former, 
which  are  confessedly  Eozoic."* 

In  spite  of  this  oft  repeated  conviction  of  the  sedimentary  nature 
of  these  labradorite  rocks,  and  of  their  occurrence  in  seven  difFer- 
ent  areas  among  the  White  mountains,  we  find  professor  Hitch- 
cock on  a  later  page  of  the  same  volume,  employing  the  following 
language: 

"The  Labrador  system,  if  present  in  New  Hampshire,  is  in  very 
limited  amount  Becent  investigations  make  it  difficult  to  say 
that  the  labradorite  rocks  are  not  of  eruptive  character.  They 
have  the  composition  of  dolerite;  and  certain  exposures  of  them 
upon  Mount  Washington  are  surely  injected  dykes.  Hence  great 
doubt  arises  whether  the  larger  area  of  Waterville  really  repre- 
sents the  Labrador  system  of  Canada.  At  all  events,  its  age  is 
great,  for  these  dykes  cut  through  the  Montalban  strata  [He  had 
very  recently  said  the  labradorite  rocks  rest  discordantiy  on  the 
upturned  edges  of  the  Montalban].  This  dolerite  may  be  regarded 
as  one  of  the  oldest  eruptive  rocks  in  the  State,  coming  to  the  sur- 
face in  what  was  the  labrador  age  of  the  world."t 

The  eruptive  nature  of  this  mass  was  detected  by  Dr.  Hawes; 
and  is  recorded  in  the  third  volume  of  the  New  Hampshire  re- 
port, dated  1878,  though  it  does  not  appear  at  what  date  Part  iii 
was  printed,  nor  at  what  earlier  date  it  was  prepared.    He  says: 

''Gabbro  is  found  in  immense  masses  in  Waterville  and  in  the 
vicinity  of  Mount  Washington.  The  relationships  of  its  masses  to 
the  surrounding  strata  are  not  so  easily  determined  as  those  of  the 
little  dikes  of  diabase  and  diorite,  the  walls  of  which  are  usually 
plainly  seen;  but  at  some  points  the  rock  possesses  all  the  struc- 
ture of  an  eruptive  mass  and  when,  in  other  places,  this  is  not 
found,  the  evidence  furnished  by  more  favorable  localities,  as  well 
as  that  furnished  by  allied  rocks  in  other  lands  where  they  have 
been  more  thoroughly  investigated,  must  at  present  be  decisive.'*^ 

Dr.  Hunt  now  found  occasion  to  change  his  position: 

"The  labradorite  rocks  in  the  White  Mountains,  which  had  by 
Hitchcock  been  referred  to  norite,  are  now  found  by  him  to  be 
eruptive  masses."§ 

The    '*porphyritic  gneiss"  always  commanded  the  attention  of 

•Final  FUport  II.  pp.  214,258,266. 
*Final  Report,  li,  p.  667. 
tPincU  Report  New  Hampafiire,  111.  p.  165. 
fi  A90ic  Roche,  p.  181. 
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professor  Hitohoock.    He  early  published  observations  as  follows: 

"The  sections  giiwn  of  the  common  granite,  trachy  tic  Rranite  and 
the  Norian  series  (or  at  least  certain  felsites)  seem  to  determine  their 
relative  positions,  the  last  being  at  the  top.  The  brecciated  gran- 
ites of  Franconia  seem  to  be  older  than  any  of  these  and  to  under- 
lie them.  *  ^  If  these  points  are  assumed,  the  porphyritic  gneiss 
HBn  be  shown  to  be  at  the  bottom  of  the  series,  for  it  lies  outside 
of  the  lowest  of  them."* 

In  the  next  annual  report  the  "porphyritic  group  is  described 
as  consisting  "mainly  of  gneiss  full  of  large  crystals  of  orthoclase 
feldspar,  associated  with  ferruginous  and  other  bands.  It  is  re« 
yarded  as  the  oldest  of  all  the  formations  in  the  State,"  for  reasons 
which  are  enumerated."t 

The  position  of  this  gneiss  is  again  referred  to: 

"If  the  felsite  series  is  of  the  age  of  the  Upper  Laurentian  or 
Labrador  of  Logan,  then  by  the  law  of  superposition,  the  strata 
underneath  the  common  granite  are  Lower  Laurentian.  Observa- 
tion showed  us,  at  this  phase  in  the  development  of  the  White 
Mountain  structure,  two  gneisses  and  a  breccia  underneath  the 
granitic  sheet.  The  most  important  is  the  "Porphyritic  gneiss,"  or 
granite  sometimes.  This  is  a  gneiss  having  large  crystals,  usually 
one  and  a  half  inches  long,  of  orthoclase,  arranged  in  layers  in  the 
mass,  with  the  longer  axes  parallel  to  each  other.  These  we  con- 
•oeive  to  be  the  strata.*  * 

"  The  descriptions  of  the  Laurentian  rocks  in  Oanada  and  Europe 
make  mention  of  large  quantities  of  porphyritic  gneiss  ;  hence  we 
feel  warranted  in  referring  these  lower  schists  to  the  Laurentian 
system.    We  have  found  nothing  older  in  the  state."  X 

Again,  in  a  later  discussion  of  the  parallelism  of  the  groups  rec- 
ognized in  New  Hampshire,  having  mentioned  the  Oanadian  sys- 
tems, Laurentian,  Labrador,  Huronian  and  Oambrian,  he  says  : 

"  The  first  two  of  our  groups  may  be  referred  to  the  oldest  of 
these,  the  Laurentian,  without  hesitation.  We  do  not  possess  ex- 
haustive information  about  the  occurrence  of  this  oldest  system  in 
•other  regions.  So  far  as  is  understood,  there  are  two  sorts  of  asso- 
ciated rocks  in  its  typical  localities,  one  being  largely  pyroxenio. 
That  variety  is  wanting  in  New  Hampshire.  A  porphyritic  or 
Augen-gneisB  is  eminently  characteristic  of  the  fundamental  rocks 
in  every  part  of  the  world ;  and  hence  ours  may  readily  be  called 
Laurentian.    *    *    [After  correlating  succeeding  New  Hampshire 


•AntmoA  Report,  1871,  pp.  25-27. 

fAnnuai  Report ,  1872,  p  11. 

tProe.  Amor,  AjB»oe,,  1872,  xxl,  pp.  146-6. 
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groups,  he  oontinae8.J  The  Montalban  serieB  are  certainly  not 
characteristic  of  the  Lanrentian.  *  *  Dr.  Hunt  is  satisfied  that 
they  overlie  the  Huronian  or  greenstones.  Oar  own  obsenrationa 
lead  to  the  view^that  the  typical  Montalban  rocks  underlie  the 
same,  as  recently  stated,  though  the  precise  relationship  is  not  be- 
yond controversy."  ♦ 

I  make  but  two  citations  further  bearing  on  the  structural  char* 
acter  and  taxonomic  disposition  of  New  Hampshire  ArchsBan  rocks. 
The  first  is  connected  with  the  genesis  of  certain  systems  : 

"  If  these  granites  behave  like  a  stratified  formation,  of  course 
the  question  is  at  once  raised  whether  they  should*not  be  regarded 
as  true  strata.  The  answer  cannot  be  given  from  position  merely» 
since  it  is  not  uncommon  to  find  sheets  of  trap  or  lava  holding  a 
perfectly  analogous  position.  We  have  preferred  to  think  of  the 
White  Mountain  country,  at  the  end  of  the  Laurentian  period,  as 
an  immense  basin,  upon  which  there  was  an  overflow  of  common 
granite.  Being  liquid  it  spread  itself  out  like  water,  assuming  a 
horizontal  surface.  After  a  while,  there  was  an  eruption  of  trachy tie 
granite,  which  spread  itself  in  the  same  way.  Subsequently 
the  felsites  were  formed  above  them  conformably.  It  would  be 
natural  to  regard  these  granites  and  felsites  as  belonging  to  one 
period,  the  Norian.  The  limits  of  this  system  have  not  been  fixed; 
and  it  seems  as  if  in  New  Hampshire,  it  should  commence  in  the 
common  granite  and  end  with  the  red  orthoclase  felsite."t 

The  second  citation  is  an  observation  of  Mr.  Huntington,  who 
says  of  the  porphyritic  gneiss  : 

**  The  fact  that  rounded  fragments  of  a  dark  gneiss  are  found  in 
the  porphyritic,  shows  that  the  porphyritic  rock  in  Fitzwilliam  is 
either  intrusive,  or  that  in  the  process  of  metamorphism,  these 
fragments  were  not  obliterated,  and  that  the  dark  gneiss  —  which 
is  very  limited,  but  resembles  some  varieties  of  the  Bethlehem 
gneiss  —  is  the  older  rock."  X 

Beference  has  been  made  to  the  evidence  borne  on  the  pages  of 
the  Vermont  and  New  Hampshire  reports,  that  the  geological  dis- 
order reigning  in  those  states  is  of  the  most  perplexing  character. 
Observations  of  strike  and  dip  defy  co-ordination,  except  within 
very  limited  areas.  Many  pages  are  devoted,  in  different  portions 
6f  the  second  volume,  to  records  of  dip  and  strike,  but  no  general 
tendencies  to  groups  or  systems  of  strikes  is  distinctly  apparent 

.  •Fbial  Report,  11, 666, 660.    See  further,  pp.  96, 00, 108, 274. 

*I¥oe.  Amer.  Amoc.^  1872,  xxl,  145. 

•Final  Report,  11, 472.    Bee  also,  pp.  ftl3-S14. 
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I  copy  at  random,  for  illustration,  the  records  made  of  the  dip  of 
the  rooks  of  the  "Montalban  series"  in  a  single  town,  Grafton  : 

At  McKelton's,  S.  60°  E.,  72°. 

At  mica  quarry,  N.  32°  E..  80°. 

At  west  side,  8.  50°  E.,  75°. 

At  north,  S.  63°  E.,  70°. 

At  i  mile  southeast  of  J.  Martin's,  S.  78°  E.,  70°. 

At  Alger  hill,  N.  62°  E.,  75°. 

At  H.  Bullock's,  S.  38°  E.,  50°. 

At  Presoott  hill,  N.  82°  E.,  40°. 

i  mile  northeast  of  T.  Foss',  S.  65°  E.,  70.° 

At  Mrs.  Arvin's,  8.  62°  E.,  78.° 

At  Tewkesbury  pond,  8. 33°  E.,  76.° 
Nevertheless,  professor  Hithchcook  has  given  us,  near  the  close 
of  this  volume,  a  chart  of  "Principal  axial  Lines  of  Vermont  and 
New  Hampshire."  He  says:  ''This  is  the  final  summing  up  of  all 
the  multitudinous  observations  of  this  report.  *  *  This  map  and 
the  statements  of  the  last  few  pages  are  the  key  to  Part  IL  They 
are  the  generalizations  derived  from  our  entire  work,  both  in  the 
New  Hampshire  and  Vermont  surveys."* 

Turning  to  the  chart,  we  observe  a  series  of  broadly  sinuous  lines 
drawn  across  the  two  states,having  in  western  Vermont  a  general  di- 
rection nearly  north  and  south;  in  the  eastern  part  of  the  state,  a  gen- 
eral  conformity  to  the  trend  of  the  Connecticut  river;  and  in  New 
Hampshire,  a  still  stronger  tendency  to  a  NNE  direction,  with  some 
irregularities  in  the  White  Mountain  region.  These  are  simply 
lines  of  observed  structure.  We  are  told  also,  that  at  every  point, 
they  are  the  average  of  the  different  strikes-  observed.  This  is 
worth  something;  but  geologists  will  be  better  satisfied,  when, 
from  this  multitude  of  discrete  data,  some  later  band,  if  not  pro- 
fessor Hitchcock's,  shall  have  evolved  the  deep  historic  and  gene- 
tic truth  concerning  the  sequence  and  vicissitudes  of  this  puzzling 
complex  of  terranes. 

Thomas  Benton  Bbooks. 

1873.  The  progress  of  the  investigation  undertaken  by  Major 
Brooks  under  the  auspices  of  the  Geological  Survey  of  Michigan, 
in  1869,  was  shaped  by  complete  sympathy  with  the  general  views 
then  prevailing;  and  those,  it  is  just  to  say,  were  strictly  Canadian. 
The  Canadian  survey  had  settled  in  the  conviction  that  the  iron- 
bearing  rocks  of  the  Marquette  region  were  all  of  one  age,  and  they 
were  of  the  same  age  as  the  rocks  north  of  lake  Huron  whicl\  they 

•Wmri  Report.  H,  p.  e73. 
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had  long  known  as  Htironian.  Thus  thd  geologists  of  Michigan  oame 
into  the  traditional  belief  that  the  whole  territory  of  the  Northern 
Peninsula  of  the  state  was  covered  by  the  Huronian  and  Laorentiaii 
systems — save  the  recognized  Lower  Silarian  angle  at  the  east— 
the  St.  Mary's  peninsula.  Major  Brooks,  as  the  result  of  four 
years  of  investigation,  concluded  that  the  whole  geology  of  the 
Marquette  district  above  the  Laurentian,  might  be  embraced  in  a 
certain  number  of  groups,  which  he  designated  numerically.  As 
the  characterization  of  these  groups  will  be  the  best  exhibit  of 
major  Brooks*  views,  and  as  these  numerical  designations  are 
necessary  matters  of  frequent  reference  among  geologists,  thej 
will  be  at  once  presented.* 

XX.    Oranites  southwest  of  Lake  Michigamme  (Taken  from 

Wis.  Rep.,  iii.  648. 

XIX.    Grayish- black  Mioa^Schiat,  often  staurolitic,  and  holding 

andalusite  and  garnets,    Barely  chloritio  schists. 

XYIII.     (Doubtful).    Quartzyte  west  end  of  Lake  Michigamme? 

XVIL     Anthophyllitic  schist,  with  iron  and  manganese. 

XVL     (Uncertain.)    Oontains  some  hsBmatite. 

XV.    Argillyte. 

XIV.    Quartzyte,  often  conglomeritic.    Position    immediately 

over  the  ore.    Contains  neither  marble,   talc  nor  novao- 

ulyte;  very  rarely  argillyte. 

XIII.    Specular  and  magnetic  ore.    The  principal  bed. 

XII.    Banded,  ferruginous,  Jasper y  schist. 

XL    Coarse  dioryte,  with  a  light  grayish  and  reddish  feldspar. 

X.    Silicious,  ferruginous  schists. 

IX.    Dioritic  rock. 

VIII.    Silicious,  magnetio  schists.     ''Flag-ores." 

VIL     Dioritic  rock. 

VI.    Silicious,  magnetic,  banded,  chloritic  schists. 
V.     Quartz  J/ te,  sometimes  containing  marble  (used  as  flux) 

and  beds  of  argillyte  and  novnculyte.  Very  persistent  Very 

seldom  conglomeritic. 
IV.    SiliciouSy  ferruginious  schist. 
III.    SiliciouSt  ferruginious  schist 
11.    Silicious,  ferruginous  schist. 
I.    SiliciouSf  ferruginous  schist. 

[The  crystalline  schists  follow  below.] 

''These  beds,"  he  says,  "appear  to  be  metamorphosed  sedimen- 
tary strata,  having  many  folds  or  corrngations,  thereby  forming  in 

•The^able  Is  compiled  from  the  MicMoan  Report,  Vol.  U  pp.  85-116. 
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the  Marquette  region,  an  irregular  trough  or  basin,  whioh»  oom- 
menoing  on  the  shore  of  Lake  Superior,  extends  west  more  than 
forty  miles  *  *  While  some  of  the  beds  present  lithologioal  char- 
acters so  constant  that  they  can  be  identified  wherever  seen;  oth- 
ers undergo  great  changes.  Marble  passes  into  quartzite,  which 
in  turn,  graduates  into  novaculite;  diorites  almost  porphyritic,  are 
the  equivalents  of  soft  magnesian  schists.  *  *  The  total  thickness 
of  the  whole  series  in  the  Marquette  region,  *  *  may  aggregate 
5,000  feet. 

"Near  the  junction  of  the  Huronian  and  Lai;rentian  systems,  in 
the  Marquette  region,  are  several  varieties  of  gneissic  rocks,  com- 
posed in  the  main  of  crystalline  feldspar,  with  glassy  quartz  and 
much  chlorite.  Intersecting  these  are  beds  of  homblendic  schist, 
argillite  and  sometimes  chloritic  schist  These  rocks  are  entirely 
beneath  all  the  iron  beds,  seem  to  contain  no  useful  minerals  or 
ores,  and  are  of  uncertain  age.  No  attempt  is  here  made  to  de- 
scribe or  classify  them."  (p.  84.) 

Of  the  "diorytes,  dioritic  schists  and  related  rocks"  he  says: 
'These  obscurely  bedded  rocks  *  *  range  in  structure  from  very 
fine-grained  or  compact  (almost  aphanitic)  to  coarsely  granular 
and  crystalline,  being  sometimes  porphyritic  in  character.  *  *  On 
the  one  hand  it  graduates  into  a  heavier,  tougher,  blacker  variety, 
which  is  unquestionably  hornblende-rock,  with  jsome  feldspar.  *  * 
On  the  other  hand,  it  passes  into  a  softer,  lighter  colored  rock,  of 
lower  specific  gravity,  which  while  it  has  the  same  streak,  weathers 
similar  to  true  diorite,  is  eminently  schistose  in  character,  split- 
ting easily,  and  appearing  more  like  chloritic  schist  than  any  other 
rock,  (p.99.) 

''At  several  points,  dioritic  schists,  semi-amygdaloidal  in  char- 
acter, were  observed;  and  in  one  instance,  the  rock  had  a  strong 
resemblance  to  a  conglomerate."  (p.  99.) 

"At  Republic  mountain,  a  doleritic  schist  graduates  into  a  black 
mica-schist,"  (p.  100).  Dr.  Hunt  expresses  the  opinion  that  in  the 
case  of  Marquette  diorites  the  homblendic  mineral  often  becomes 
softened  and  hydrated,  passing  into  a  degenerate  form  more  nearly 
allied  to  chlorite  or  delessite  (in  which  water  is  ah  essential  con- 
stituent) than  to  a  true  hornblende."  (p.  101.) 

"The  bedding  of  the  rocks  is  generally  obscure,  and  in  the 
granular  varieties,  entirely  wanting.  It  is  usually  only  after  a  full 
study  of  the  rock  in  mass,  and  after  its  relations  with  the  under- 
and  overlying  beds  are  fully  made  out,  that  one  becomes  convinced, 
whatever  its  origin,  it  presents  in  mass,  precisely  the  same  pheno- 
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mena,  as  regards  stratifioation,  as  do  the  acoompanjing  schists  and 
qnartzites."  (p.  102.) 

Of  mi^nesian  schists,  ("mostly  chloritic/')  he  says: 

"Intercalated  with  the  pure  and  hard  mixed  ores  at  all  the  mines 
worked  in  formation  XIII,  are  layers  of  a  soft,  schistose  rock,  of  some 
shade  of  grayish-green,  and  often  talcy  in  feeling.  *  *  It  is  on- 
qnestionabiy  a  magnesian  schist,  varying  from  chloritic  to  talcose 
in  character,  and  sometimes  apparently  containing  a  large  percent- 
age of  argillite."  (p.  104.) 

''A  very  peculiar. occurrence  of  this  rock  are  the  so-called  'alate- 
dykes,'  which  can  be  seen  at  the  New  England,  Lake  Superior  and 
Jackson  mines,  but  still  better  in  the  quartzite  ridge  just  north  of 
the  outlet  of  Teal  Lake."« 

Speaking  of  the  quartzyte  (No.  XIY,)  he  says: 

''As  if  to  leave  in  our  minds  no  shadow  of  doubt  as  to  the  sedi- 
mentary origin  of  this  rock,  nature  has,  in  addition  to  the  con- 
glomerate on  the  Spurr  mountain  range,  given  us  a  variety  of  the 
Upper  Quartzite,  which  can  only  be  described  as  a  fine  grained^ 
friable  banded  sandstone."  (p.  108.) 

In  discussing  argillytes,  he  says,  in  addition  to  beds  interstrati- 
fied  in  the  quartzytes: 

''At  least  two  distinct  beds  of  argillite  have  been  made  out;  one 
immediately  beneath  the  ferruginous  schist  of  formation  X,  to  be 
seen  in  outcrop  on  the  south  shore  of  Teal  Lake,  near  west  end, 
and  in  the  rail-road  cut  about  one  mile  east  of  Negaunee.  Another 
and  far  more  extensive  bed  is  XY,  which  forms  the  stratum  next 
above  the  upper  quartzite.  Oolor  usually  dark  brown  or  blackish; 
but  where  associated  with  the  marble,  it  is  sometimes  reddish.  It 
has  a  true  slaty  deavi^e  distinct  from  the  bedding.  *  *  Black, 
carbonaceous  matter  is  often  present"  (p.  111.) 

"Beyond  the  limits  of  the  Marquette  region,  we  find  in  the  re- 
cently explored  Huron  Bay  District,  the  finest  day-slates  so  far 
discovered  in  Michigan."t  Within  the  Marquette  district,  he  finds 
a  carbonaceous  shale  more  highly  charged  with  graphitic  material^ 
"of  a  bluish-black  color,  but  burns  white  before  the  blow-pipe^ 
marks  paper  like  a  piece  of  charcoal,  is  soft  and  brittle,  slaty  in 
structure,  and  having  a  specific  gravity  of  but  2.06.'' 

"This  rock  has  been  found  in  the  Marquette  region  only  at  two 
localities:  1.  The  S.  C.  Smith  mine,  T  45,  B  25,  where  it  seema 
to  bound  the  iron  ore  formation  on  the  northeast.  2.  On  the 
south  side  of  Sec.  9,  T.  49,  R  33,  along  Plumbago  brook.*'    Analy- 

*8e6  this  occurrence  described  by  the  writer  In  XV7  Ann.  Aep.  Mtnn,  p.  180. 
tThis  shale  Is  recognized  as  Identical  with  that  occurring  west  of  lake  Gogebic. 
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fds  gave  professor  Brush  20.86  percent  carbon.  'The  analyses 
prove  the  material  to  have  no  commercial  value,  but  possesses 
scientific  interest  as  proving  the  existence  of  a  large  amount  of 
carbon  in  the  Huronian  rocks.  The  equivalency  of  these  shales 
with  the  members  of  the  Marquette  series  has  not  been  established; 
they  are  undoubtedly  Huronian,  and  are,  I  suppose,  younger  than 
the  ore  formation  XIII."  (116.) 

Major  Brooks  reported  also,  in  a  condensed  way,  on  the  Menom- 
inee Iron  Bange  (pp.  167-182,)  and  very  briefly,  on  the  Lake 
Gogebic  and  Montreal  river  Iron  Bange  (pp.  183-6).  In  connection 
with  the  latter,  he  presents  a  section  showing  the  unconformable 
junction  of  the  (so-called)  Huronian  with  the  (so-called)  Lauren- 
tian.  This  is  the  same  unconformity  as  has  since  been  pointed  out 
by  Sweet,  Irving  and  others.* 

1879.  Major  Brooks,  in  1879,  made  further  publication  of  his 
views  respecting  the  Menominee  region,  and  particularly,  that  part 
of  it  which  extends  into  Wisconsin,  f  Of  his  earlier  Michigan 
work  he  makes  the  following  memorandum  : 

"  My  reconnoissance  of  the  northeastern  side  of  the  Menominee, 
the  results  of  which  are  given  in  the  Geological  Survey  of  Michi- 
gan, vol.  1, 1873,  gave  valuable  data  ;  but  that  work  on  the  whole, 
was  incomplete  and  crude,  and  will  be  superceded  by  this  report, 
which  is,  however,  not  complete  in  several  directions."! 

He  recognizes  the  ''Keweenaw  (copper  series)"  among  the  rocks 
of  his  distirict.  The  Huronian,  he  states,  is  "  known  to  rest  non- 
oonformably  on  the  granite  and  gneissic  rocks,  regarded  as  of 
Laurentian  age."  [He  is  here  understood  to  refer  to  the  Penokee 
unconformity.]  As  to  the  Huronian,  he  claims  to  have  succeeded 
in  determining,  in  the  Menominee  region,  the  equivalents  of  his 
numbered  groups  in  the  Marquette  region  ;  and  it  will  be  useful 
to  reproduce  the  essential  parts  of  his  table  : 
XX.    Oranite,  gneiss  and  porphyryte. 

XIX.    Mica'Bchist,  homblende-schist  and  gneiss.    Black,  sub- 
carbonaceous  slate  and  chloritic  schists. 

XVIII.     ( Not  observed. ) 

~-4 — — — — — .^.^..— ^— ^— _i^^.— _^_^___^^___ 

•Tram.  Wis,  Aead.,  1875-«,  III,  43-44  ;  Amer.  Jour.  Sci.,  1877,  III,  xlli.  306.  ThlR  Whitney 
and  Wadsworth  call  a  "supposed  unoonformabllity  **  (Butt.  JfiM.  Comp.  Zo^t.,  vli,  40S, 
406.  487),  adding  that  "the  proof  advanced  was,  that  the  foliation  of  the  granite  and 
gneiss  dipped  at  a  different  angle  from  that  of  the  Huronian  rocks.**  *  *  "They  have 
failed  to  observe  the  phenomena  of  contact,  when  seen,  beyond  the  mere  fact  of  a'dlff- 
erent  dip  to  the  foliation  observed.**  Such  too  frequent  rude  contradictions  might  with 

Jiore  courtesy  have  given  place  to  expressions  of  doubt ;  but,  with  more  justice,  to 
zpresslons  of  respect  for  the  authority  of  such  excellent  observers. 
tOeoIom/  of  Wi9Con«in,  vol.  Ill,  Pt.  vll,  pp.  429-400,  with  appended  mlorosoopical  obser- 
Tatlons  by  Dr.  Arthur  Wlohmann  (of  Leipzig),  pp.  6OO-066,  and  Appendices,  pp.  flS7-«a. 
tGtoloQy  of  Witeofuin,  111.  p.  431. 
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XYIL  Gray  gneiss  with  small  cxysials  of  tridinie  feldspar*  and 
large  ones  of  orthoclase.  Aiwodated  with  hcnmUaide- 
ehloritic-and  mieaceons-guariz-scftigl  The  Commoii- 
wealth  Iron  horizon. 

XYL    Schistose  greenstone^  with  nucaceoos,  chloritie»  qnartaose 
varieties.    Diaryte  (gabbro?). 

XY.     (Not  identified.) 

XIY.    Light-gray,  specular^  conglomeritie  quctrtz-schist,  con- 
taining mica  and  magnetite. 

Xm-Vin.    (Not  identified.) 

YIL     Gray  and  red,  soft,  nnctons,  hydromiccuxous  schist^  grad- 
uating into  clay-slate, 

YL    Iran  ore.    Banded,  qnartzose,  fermginious  ircftis/. 

Y.    Dolomite  marble  with  cherty  lamin».    Yery  thick  and 
piomineni 

lY  and  HL     (Not  identified. ) 

n.  Lower  quartzyte,  massiye  to  semi-schistose,  arenaceous^ 
in  places  micaceons  and  actinolitic,  with  occasional  spec- 
ular ore.  Felch  mountain  supposed  in  this  horizon. 
I.  Chloritic  gneiss;  hydrous-magnesian  schist;  slate-con- 
glomerate;  quartzyte  and  perhaps  dioryte,  (Possibly 
Laurentian.) 

Comparing  the  Huronian  rocks  of  different  regions,  Biajor  Brooks 
reaches  the  following  conclusions: 

L  The  Huronian  rocks  are  generally  rich  in  species  and  varie- 
ties, but  the  maximum  of  varieties  is  found  in  the  Marquette  and 
Menominee  regions." 

2.  '*The  points  of  resemblance  between  the  Marquette,  Menom- 
inee, Sunday  Lake  and  Penokee  series  are  so  numerous  as  to  point, 
I  think,  unmistakably  to  their  having  been  formed  in  one  basin, 
and  under  essentially  like  conditions.*' 

He  adds: 

'^hose  who  are  not  disposed  to  admit  that  lithology  affords 
much  assistance  in  identifying  rock-beds  over  even  small  areas, 
should  have  in  mind  that  the  Lower  Silurian  sandstone  can  now  be 
seen  quite  uniform  in  character,  over  a  much  greater  area  in  the 
saogie  region.  Almost  the  same  remark  may  be  made  of  the  under- 
lying Keweenian  rocks.  Cannot  approximately  as  favorable  con- 
ditions have  existed  for  the  formation  of  a  particular  kind  of  rock 
over  a  smaller  area  at  the  earlier  period?'* 

•GecHogy  of  WUeansin,  iii,  44»-50. 
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Newton  Hobace  Winohell. 

1873.  The  seoond  season  of  the  Q^ological  suryey  of  Minnesota 
found  professor  Winchell  engaged  in  an  examination  of  the  geology 
of  the  Minnesota  river.  In  describing  the  outcrops  of  the  "  Gran- 
ites of  the  Valley,"  *  he  noted  some  features  which,  in  his  later 
researches  have  proved  to  possess  great  significance,  the  older 

observers  either  not  having  noticed  them,  or  failed  to  inquire 
under  what  conditions  they  have  been  produced.  This  granite  is 
the  common  ternary  variety.  In  the  neighborhood  of  Granite 
Falls,  he  says,  in  his  description,  "there  are  sudden  changes  in  the 
rock,  from  real  granite  to  hornblende  schist.  These  occur  irregu- 
larly." He  speaks  of  the  formation  as  having  a  dip,  and  supposed 
it  due  to  original  sedimentation. 

1880.  The  ninth  annual  reportf  of  the  Geological  survey  of 
Minnesota  contains  "A  Preliminary  List  of  Bocks,"  442  in  number, 
collected  by  professor  Winchell,  on  a  tour  made  during  the 
season  of  1878,  from  Duluth  along  the  north  shore  of  lake  Super- 
ior, to  Pigeon  point,  and  thence  through  the  interior  by  the  line  of 
lakes  and  streams  marking  the  international  boundary,  westward 
to  Vermilion  lake,  and  still  thence  to  the  Mississippi  river.  Both 
portions  of  the  route  had  been  previously  traversed — the  line  from 
Grand  Portage  along  the  boundary,  by  Houghton,  Norwood,  the 
Canadian  geologists,  and  a  long  succession  of  traders;  but  no 
previous  explorer  had  gone  with  so  settled  a  purpose  to  penetrate 
the  mysteries  of  the  off-shore  geology;  and  no  one  had  made  its 
study  the  chief  end  of  his  visit.  Norwood  was  on  a  hasty  reconnois- 
sance  over  an  extended  line;  Houghton  made  a  brief  excursion  as 
far  as  to  Mountain  lake  and  returned;  and  Bell  passed  over  the 
route  chiefly  for  the  purpose  of  reaching  the  Canadian  territories 
about  the  Lake  of  the  Woods.  The  tour  of  1878  was  somewhat 
carefully  studied,  step  by  step.  Not  only  were  rock  masses  invest- 
igated petrographically  and  structurally,  but  the  plans  of  the  con- 
tours of  the  country,  the  systems  of  their  building  up,  the  great 
obvious  movements  by  which  juxtapositions  and  superpositions 
had  been  effected — these  fundamental  phenomena  were  all  taken 
in  by  a  broad  sweep  of  observation,  and  the  problems  connected 
with  them,  if  not  at  the  time  resolved,  were  placed  in  the  midst  of 
surroundings  which  continued  thereafter  to  throw  important  light 
on  them.  It  is  worth  the  while  to  note  some  of  the  observations 
made — at  the  time,   apparently  isolated,   but  afterward  wrought 


*Seeond  Annual  Report  of  3finn<«oto,  ld73,  pp.  160-176. 
f  Ninth  Report,  pp.  10-114. 
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into  the  great  geological  oonoeptions  which  seem  now  to  repreeent 
mnoh  of  the  truth. 

On  the  west  side  of  Grand  Portage,  slate  was  seen  which  was 
probably  the  first  recognition  in  Minnesota  of  the  Animike  forma- 
ion,  isolated  by  Hunt  in  1873,  and  of  which  so  much  was  to 
become  known.  This  is  subsequently  identified  as  the  ''silioo- 
argillaceous  slate"  of  Norwood.  The  "slate  and  quartzyte  of 
Pig&on  Biver  Falls  "  are  said  to  dip  south.  Numerous  islands  off 
the  shore  are  visited.  The  principal  rock-axis  of  Pigeon  point 
peniuEula,  is,  he  says,  "not  evidently  a  dyke,  but  a  massively 
bedded  or  coarsely  jointed  formation  which  extends  west,  and  soon 
rises  over  fifty  feet  from  the  water,  and  shows  a  basaltic,  mountain- 
like structare.  It  resembles  the  rock  and  structure  of  Bice  point 
(near  Duluth)  and  may  be  parallelized  with  it  in  age,  and  here  ia 
associated,  as  there,  with  a  red,  metamorphosed  rock.  Here,  how- 
ever, it  is  a  part  of  the  Animikie  beds  of  Dr.  T.  Sterry  Hunt, 
which  would  therefore  seem  to  be  only  a  downward  extension  of 
the  Cupriferous  series." 

Proceeding  as  far  as  Mountain  lake,  he  remarks  "  that  these  hills 
are  all  short  monoclinals  of  gray  quartzyte,  with  beds  of  argilla- 
ceous and  black  slate,  dipping  uniformly  in  a  southerly  direction, 
and  covered  with  a  greater  or  less  thickness  of  the  trap  rock 
(gabbro?)  of  the  country— the  trap  being  sometimes  one  hundred 
feet  thick,  but  generally  less  than  fifty  feet,  and  often  the  only 
rock  seen,  the  lower  beds  being  hid  by  the  copious  talus.  The 
slate  in  some  places  has  a  dip  slightly  southwest,  and  the  inclina- 
tion amounts,  usually,  to  about  8  or  10  degrees.  The  trap  also  dips 
with  the  slate,  so  that  the  hills  have  gradual  slopes  toward  the  south 
and  steep  slopes  toward  the  north,  or  are  perpendicular — ^indeed, 
they  most  frequently  are  perpendicular  for  about  twenty-five  feet 
from  the  top,  or  even  one  hundred  feet,  the  trap  having  a  widely 
basaltic  structure,  which  causes  it  to  fall  away  in  perpendicular 
columns;  the  slate  and  quartzyte  also,  have  frequent  perpendicular 
jointage  planes,  which  also  facilitate  the  perpendicular  breaking  of 
the  beds.  The  quartzyte  is  evenly  and  conspicuously  beddedf 
without  any  confusion,  but  aUernates^  both  gradually  and  suddenly 
with  the  black  argillaceous  slate.  The  most  of  it  as  far  as  seen  to 
this  place,  is  gray  quartzyte.  This  quartzyte  must  be  an  immense 
formation,  as  it  is  that  seen  at  Grand  Portage,  and  all  over  Pigeon 
point,  and  the  islands  off  the  point." 

•Ninth  Report,  pp.  60-70. 

tThe  beds  called  here  ** quartzyte"  are  what  the  writer,  in  speaking  of  these  forma- 
tions, has  styled  Interbeddlngs  of  "slliclous  (often  Jasperjr)  sohlst." 
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*'  Several  important  questions  pertaining  to  the  geognosy  of  this 
formation  arise  in  an  attempt  to  describe  it,  which  must,  for  the 
present,  remain  unanswered,  but  which,  perhaps,  future  examina- 
tions may  solve : 

1st  Is  this  trap  older  than  the  uplift  of  the  hills,  or  did  it  come 
over  the  country  when  the  uplift  occurred? 

2d.  Are  the  dykes  that  are  seen  crossing  this  trap  (as  at  the 
foot  of  South  Fowl  lake)  of  the  same  age  as  the  trap,  or  are  they 
subsequent  to  it? 

3d.    How  much  of  the  topography  here  is  due  to  glaciation? 

4th.  Do  the  monoclinal  hills  run  under  each  other,  or  are  they 
«ach  separate  and  isolated  uplifts? 

5th.  Can  these  beds  of  supposed  igneous  rock  be  due  to  a 
change  in  the  sedimentary  rocks,  instead  of  igneous  outflow? 

6th.    Why  is  there  an  entire  absence  of  amygdaloids?" 

Arriving  at  the  north  side  of  Gunflint  lake,  he  notes  "hydromica 
(?)  slate."  "This  rock  rises  in  knolls  and  hills  one  above  the 
other,  irregularly  disposed.  The  slates  stand  nearly  vertical,  run- 
ning E.  20°  N.  This  passes  insensibly  into  the  next,"  and  "  gradu- 
ates back  and  forth."  This  resembles  some  forms  of  the  slate  at 
Thompson  on  the  St.  Louis  liver  ( p.  82).  Belonging  to  the  same 
formation  is  a  "greenish,  porphyritic  rock  (with  albite  ?),  having 
an  imperfect,  schistose  and  fibrous  structure,  and  some  free  quartz, 
embraced  much  like  veins,  in  the  slate.  It  is  not  vein  matter,  but 
gradually  changes  to  the  slate,  right  and  left,  the  slates  standing 
nearly  vertical. 

"This  outcrop  is  supposed  to  belong  to  what  the  Oanadian 
geologists  have  styled  the  Huronian.  It  underlies  the  quartzyte 
and  Gunflint  beds  [now  known  as  Animike  slates]  apparently  un- 
oonformably.  At  least,  it  is  another  and  distinct  formation  from 
the  slates  at  Grand  Portage"  (p.  82). 

It  is  to  be  regretted  that  this  clew  was  not  followed  up.  This  is 
the  discordance  which  has  become  celebrated* 

Coming  to  the  characteristic  black,  silico-argillitic  slate  which 
gives  name  to  Enife  lake,  he  styles  this  rock  "a  light  green,  tough 
magnesian  rock  [which]  can  perhaps  be  designated  a  chloritic  or 
serpentinous  quartzyte,"  and  recognizes  it  as  belonging  to  the 
(then  called)  Huronian  slate  series;  and  thus,  fourteen  years  ago, 
excluding  it  from  the  crystalline  schist  series,  to  which,  later,  it 
has  been  referred. 

1881.     A  similar  journey  was  made  in  1879,  and  the  results  are 

*GomiMre  al«o,  p.  108  at  bottom,  and  notloe  the  curious  apeoulatlon*  p.  103.    It  la  evi- 
dent from  thla  that  It  remaine  to  diaoover  flint  and  jasper  beds  in  the  Kewatln. 
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found  in  the  report  for  1881.*  The  studies  attending  this  trip 
were  pursued  under  oircumstanoes  promising  still  larger  resnlts. 
The  Knife-lake  slates  and  the  schists,  now  known  as  Kewatin,  were 
identified  near  the  west  end  of  lake  Superior.  The  tour  extended 
to  Grand  Marais  and  Silver  Islet,  and  from  Grand  Marais  to 
Ogishke  Muncie  and  the  mouth  of  Poplar  river.  On  Mayhew  and 
Loon  lakes  he  examined  again,  the  "great  quartzyte  and  slate  for- 
mation, or  the  Animikie  group."  He  describes  again,  and  in 
more  detail,  the  remarkably  flinty  breccia  on  the  north  side  of 
Gunflint  lake,  and  speculates  on  the  cause  of  its  condition.f  I 
quote  the  following  obscure  paragraph: 

"The  close  proximity  of  this  flint  and  jasper  locality  to  the  next 
great  underlying  formation  (syenites  and  slates)^  makes  it  one  of 
great  interest  to  the  geologist,  but  so  far  as  scrutinized  as  yet,  the  true 
relations  of  the  two  formations  are  not  revealed  by  anything  here 
seen,  though  there  seems  to  be  an  unconf  ormability  between  them.'* 
(p.  88.)  I  have  elsewhere  quoted  this  passage  as  intimating  an 
unconformity  between  the  "slate  and  quartzyte"  and  the  vertical 
schists  north  but  further  east,  on  Gunflint  lake.  But  I  am  not 
sure  this  is  the  author's  meaning,  because  he  seems  to  be  compar- 
ing the  brecciated  formation  with  the  (underlying?)  slates. 

Coming  to  Ogishke  Muncie  lake,  he  subjects  the  mysterious  con- 
glomerate to  further  investigation.  Notwithstanding  the  length 
of  the  passage,  it  may  be  well  to  quote  largely,  so  that  the  reader 
may  compare  the  statements  with  those  of  Sir  William  Logan  in 
speaking  of  the  slate  conglomerate  of  Thunder  bay  (See  p.  182.) 
He  says: 

'  "The  conglomeritic  character  is  hardly  distinguishable  on  a 
fresh  fracture  of  the  rock,  which  sometimes  shows  different  shades 
of  green.  But  all  over  the  surface,  when  glaciated  and  weathered, 
are  visi'ble  the  forms  of  rounded  bowlders  included  in  the 
rock,  the  different  forms,  colors  and  grain  of  the  bowlders 
beiug  brought  out  plainly.  This  is  essentially  the  same  formation 
as  the  rock  743  and  737,  and  it  constitutes  by  far  the  greatest  part 
of  the  country  rock  about  Ogishke  Muncie  lake.  Wherein  the 
rock  737  differs  from  738,  which  also  passes  into  744  by  the  acces- 
sion of  slaty  structure,  and  the  obliteration  or  modification  of  it  by 
the  accession  of  bowlders,  it  may  be  ascribed  to  varying  proximity 
to,  and  influence  of,  the  underlying  'talcose'  rocks,  in  the  process 
of  deposition  and  metamorphism.     *    *    On  the  island  [  Campers*,  ] 

*Tenth  Annual  Repwt  Minneaota,  pp.  0-133. 

•f  Tenth  Annual  Reptni  Minn,,  p.  87. 

tThe  breccia  locality  is  ufUhin  the  slateH  of  the  "Qiiartxyte  anil  81at«"  formation. 
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it  is  a  real  ooDglomerate,  with  a  smoothly  glaciated  sorfaoe,  and 
the  seotions  of  some  of  the  rounded  stones  are  a  foot,  and  even 
more,  in  diameter.  They  are  very  abundant  Sometimes  the 
rounded  stones  make  three  quarters  of  the  whole  rook,  but  in  other 
cases,  the  slaty  matrix  is  nearly  free  from  them,  over  considerable 
areas." 

The  author  suggests  the  following  order  of  superposition  o&the 
rocks  in  this  part  of  Minnesota: 

"  L  The  nearly  horizontal  quartzyte  and  slate  formation  com- 
posing the  hills  around  the  Grand  Portage  and  the  international 
boundary  as  far  as  Gunflint  lake. 

'*2.    The  coarse  grit  or  fine  conglomerate.  No.  738. 

"  3.  The  jaspery  and  calcareous  beds  that  are  known  as  the 
•*Gunflint  beds,"  Nos.  737,  743. 

''  4.  The  gray  marble,  No.  746.  [See  this  further  discussed  in 
XPIth  Rep.  pp.  95-6.] 

''6.  The  tilted  slaty  conglomerate,  and  the  great  conglomerate 
about  Ogishke  Munoie  lake.    Nos,  744,  760,  764. 

'*  6.  The  amphibolyte  and  the  chloritic  slates,  Nos.  731,  763, 
348,  349,  350.  355,  356  and  358. 

"  7.  Mica  schists  and  alternations  of  mica  schists  and  syenite. 
Nos.  335,  337,  339,  401,  406, 408,  414,  417. 

**  8.    The  syenites  and  granites  of  Saganaga  and  Gull  lakes.* 

"There  is  yet,"  he  says,  ''one  very  important  undetermined  ques- 
tion relating  to  this  generalized  section,  which  ought  to  be  borne 
in  mind,  viz:  Is  the  great  quartzyte  and  slate  formation  of  the 
international  boundary  (No.  1  of  this  section)  the  same  as  the 
highly  tilted  slaty  and  quartzyte  formation  which  passes  into  the 
great  conglomerate  (No.  5)  ?  There  are  some  considerations 
which  seem  to  imply  that  it  is,  though  in  all  descriptions  and  sec- 
tions they  have  been  treated  as  different  terranes.     (a)    Where 

*l  venture  to  make,  on  these  assignments,  the  following  suggestions: 

1.  This  clearly  Is  the  Anlmike. 

2.  This,  I  Judge,  is  only  a  border  condition  of  the  Ogishke  Conglomerate  (See  XVI 
Ann.  Rep.  Minn,  pp.  313,  315).  There  are  also,  on  the  borders  of  Prog-rock  and  Town- 
lino  lakes,  several  occurrences  of  gravelly  serlcitio  schist— as  also  on  Ensign  lake. 
(  XVI  Rep.  p.  312.  liock  84»;  and  p.  315,  Rock  889,  890.) 

;i.  I  feel  constraine<l  to  regard  these  us  no  distinct  part  of  the  Anlmike.  (See  XVI 
Rtip.  p.  251.) 

4.    This  is  what  is  described  as  a  bed  of  dolomyte  In  XVI  Rep.  p.  316. 

\    The  Ogishke  Conglomerate. 

n.  By  this  I  understand  the  author  to  mean  the  later-called  *'  Kawasachong  rock"— 
green  chloritic  slates  (even  If  originally  erupted);  the  ** greenstone'*  hills  south  and 
north  of  Ogishke  M uncle,  and  the  chloritic  and  amphiboUtic  conditions  of  the  **Ke- 
watin'*  seen  In  many  places. 

No  separate  place  Is  assigned  here  to  the  vertical  schLsts. 

These  suggestions  in  a  very  perplexing  inquiry,  may  be  very  wide  of  the  mark. 

"13 
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the  horizontal  BlateB  approach  the  syenitea  at  the  east  end 
of  Gnnflint  lakA,  there  is  nothing  to  be  seen  of  an j  beds  repreaent- 
iog  the  tilted  slates.  The  syenites  and  their  associated  schists 
come  on  at  once,  {b)  Where  the  tilted  slates  and  conglomerates 
associated  with  them  are  traceable  from  the  syenite  upward  to  the 
gabbro,  as  south  of  Ogishke  Moncie  lake,  there  is  nothing  to  be 
seen  of  any  beds  like  the  horizontal  black  slates  of  No.  1.  (c)  The 
'^Gnnflint  beds"  appear  to  belong  to  the  horizontal  slates  of  the 
international  boundary  at  Gunflint  lake,  but  their  supposed  equiva- 
lents* at  Ogishke  Muncie  lake  belong  to  schistose  and  tilted  slates 
and  conglomerates.  (cQ  Althoagh  the  horizontal  slates  and 
quartzytesof  the  international  boundary  strike  west  and  southwest 
across  the  state,  forming  one  of  the  most  important  topographical 
features  of  the  northern  part  of  the  state,  and  can  be  followed  for 
many  miles  as  such,  yet  they  are  lost  entirely  in  the  region  of  the 
upper  St  Louis,  and  the  tilted  slates  are  the  only  ones  seen  where 
that  river  cuts  the  rock  at  Knife  Falls  and  below.f  {e)  The  great 
gabbro  belt  which  surmounts  the  horizontal  slates  along  the  inter- 
national boundary,  and  prevails  to  the  east  and  south  of  their  line 
of  strike,  is  seen  to  pass  to  the  west  of  lake  Superior,  at  Duluth, 
and  to  disappear  from  sight  suddenly  between  Duluth  and  Fond 
du  Lac,  as  if  its  continuance  depended  on  the  maintenance  of  the 
horizontal  formation  with  which  it  is  associated.  (/)  Where  the 
Gunflint  beds  become  jaspery  hsematite,  as  south  and  east  of  Ver- 
milion lake^  the  structure  of  the  tilted  slates  passes  into  the  iron 
ore  as  if  of  the  same  formation,  {g)  The  formation  which  under- 
lies the  Cupriferous  at  Fond  du  Lac  is  the  tilted  slates,  and  that 
which  underlies  it  at  Grand  Portage  is  the  horizontal  slates." 

"A  thorough  examination  of  the  hill-range  between  Gunflint 
and  Ogishke  Muncie  lakes  would  probably  reveal  the  facts  as  to 
any  transition  from  the  horizontal  slates  to  the  tilted  slates."§ 

From  some  confusion  noted  in  the  stratification  of  the  region 
south  of  Ogishke  Muncie  lake,  the  author  seems  almost  ready  to 
adopt  the  alternative  afterward  embraced  by  professor  Irving. 

In  a  paper  embodying  descriptions  of  fifty  thin  sections  prepared 
from  the  rocks  of  the  Oapriferous  series  of  lake  Saperior  professor 
Winchell  pointed  out  distinctly  the  two-fold  origin  of  crystalline 

*It  is  not  obvlouH  that  any  such  beds  are  there.  But,  in  any  event,  if  we  distinf^uish 
the  horizontal  slates  holding  the  "  Gunflint  beds"  from  the  vertical  slates  holding  the 
conglomerate,  no  diificulty  will  exist. 

tFrom  (a),  (Z>)  and  (d),  it  is  not  to  be  inferred  that  two  systems  do  not  exist,  but  that 
they  are  not  oo-extenstve.  Their  cofixistence  is  seen  on  the  north  shore  of  Gunflint 
lake 

tThe  very  distinct  hoematite  formation  also  contains  Jaspery  beds. 

•This  journey  was  made  in  1887.    See  X^"Ith  RpcorU  pp.  70-8H. 
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rooks.  He  showed  by  demonstrations  accompanying  the  memoir,* 
that  the  crystallizations  resulting  from  metamorphism  sometimes 
imitate  closely  the  character  and  composition  of  the  rocks  whose 
eruptiye  escape  has  been  the  cause  of  the  metamorphism.  On  the 
north  of  lake  Superior,  the  contact  of  the  gabbro  with  the  red 
sandstone  has  produced  "  all  stages  of  metamorphic  change  —  from 
red  sedimentary  shale  and  sandstone  to  red  felsite  and  syenite." 
A  sedimentary  rock  heated  to  the  point  of  fusion  of  the  f eldspathic 
constituents,  and  then  cooled,  will  exhibit  a  non-differentiated 
ground,  with  feldspar  crystals  porphyritically  disseminated. 
Heated  completely  to  the  fusing  point  and  then  cooled,  the  least 
fusible  mineral  —  probably  quartz,  would  first  crystallize  out,  and 
later  crystallizations  would  be  penetrated  by  the  older  quartz. 
Simultaneously,  the  intrusiye  matter  would  impart  certain  constitu- 
ents  to  the  softened  sedimentary  bed,  and  minerals  would  arise  for 
which  the  requisite  constituents  had  not  before  existed  in  the 

bed.t 

1884.  At  the  Philadelphia  Meeting  of  the  American  Associa- 
tion, he  delivered  an  address  before  the  Section  of  Geology  as  its 
president  in  which  he  discussed  ''The  Crystalline  Bocks  of  the 
Northwest."  X  This  was  a  broad  survey  in  which  he  attempted  to 
arrange  the  succession  of  the  great  Archaean  terranes,  and  point 
out  their  relations  according  to  the  views  of  other  geologists.  As 
the  table  at  the  end  contains  a  convenient  synopsis  of  the  positions 
taken  that  will  be  here  first  introduced. 

•Proc»  Amer.  AsaoCf  1881,  XXX,  160-6.  Also  Tenth  Ann.  Rep.  Geol.  Minn,,  pp.  137-143. 
The  subject  was  earlier  discussed  in  Proc.  Amer.  Assoc.,  1880,  XXIX,  pp.  422-425,  Oomp. 
also,  Tenth  Rep.,  pp.  106,  HI. 

tThe  phenomena  here  referred  to  are  of  the  same  character  as  those  which  professor 
Bailey  has  since  described  and  explained.  See  Amer.  Jour.  Sci.,  Ill,  xzzix,  273-280, 
Apr.  1800. 

tProe,  Amer.  Assoc.^  1885,  Pt.  II,  pp.  363-379 ;  XlTIth  Minn.  Report,  pp.  124-130 ;  Amer, 
Naturaliit,  xviii.  084-1,000, 1884 ;  Science,  iv,  23$^240,  Sep.  12, 1884  (abbreviated.) 
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The  author  of  this  table  comments  upon  his  **  Groups,"  in  sub- 
stance, as  follows : 

FiBST  Group.  Is  represented  in  Minnesota  by  the  gabbro  and 
red  syenite  at  Duluth.  *  *  The  outcrop  of  red  granite  near 
New  XTlm,  lying  under  the  conglomerate  and  red  qnartzyte,  is 
probably  in  the  southwestward  line  of  extension  of  this  group. 

Second  Group.  Consists  of  schists  that  are  micaceous  and 
often  staurolitic  as  well  as  garnetiferous.  Variously  associated 
with  beds  f^nd  veins  of  granite  and  gneiss.  Has  a  maximum  thick- 
ness of  5,000  feet 

Third  Group.  Sometimes  passes  into  roof  ing  slates,  with  beds 
of  iron  ore,  quartzyte  and  dioryt<e.  "  Includes  the  black  slates  of 
the  Animike  group  in  northern  Minnesota,  of  Knife  lake.  Knife 
Portage  on  the  St.  Louis  river;  and  carbonaceous  shales  lately 
reported  near  Aitkin  on  the  Mississippi  river.  Thickness,  2,600 
feet. 

Fourth  Group.  Schists  soft  and  obscure,  becoming  quartzose 
and  also  hsematitic ;  also  with  numerous  beds  of  dioryte.  In  Min- 
nesota, this  is  the  iron-bearing  horizon  at  Vermilion  lake.  Maxi- 
mum thickness,  4,450  feet. 

Fifth  Group.  Bepresented  by  No.  Y.  at  Marquette,  Nos.  II. 
and  y.  at  Menominee,  and  No&  I.  and  III.  at  Penokee.  The  mar- 
ble lies  above  the  quartzyte,  and  in  the  Menominee  region  has  a 
minimum  thickness  of  1,000  feet ;  while  at  Marquette,  it  graduates 
into  a  dolomitic  quartzyte  of  indefinite  extent,  the  whole  group 
being  there  essentially  quartzyte.  A  most  persistent  and  well- 
marked  horizon.  The  quartzyte  sometimes  holds  feldspar,  thus 
having  the  appearance  of  granulyte.  In  Minnesota  this  horizon 
seems  to  run  along  the  south  side  of  Ogishke  Mnncie  lake,  near 
the  international  boundary,  and  includes  perhaps  the  great  slate 
conglomerate  which  is  there  represented.  This  seems  to  cor- 
respond to  the  lower  portion  of  the  great  quartzyte  of  this  group, 
and  to  be  the  equivalent  of  the  ''  lower  slate-conglomerate  "  of  the 
typical  Huronian  in  Canada.  Normal  thickoess  from  400  to  1,000 
feet ;  but  if  the  great  conglomerate  of  Ogishke  Muncie  be  included 
here,  the  thickaess  of  this  group  in  northern  Minnesota  will  exceed 
6,000  feet. 

Sixth  Group.  In  Minnesota,  found  on  the  international 
boundary,  at  Saganaga  lake,  acd  large  boulders  from  it  are  in- 
cluded in  the  overlying  conglomerate  at  Ogishke  Muncie  lake, 
showing  an  important  break  in  the  stratigraphy.  Thickness  un- 
known, but  very  great. 
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.  In  the  progreFB  of  the  disoassioD,  the  author  proposes  to  install 
the  term  "Taconic"  in  the  nomenclature  of  the  older  rocks. 

1887.  The  report  of  this  year  embodied  views  evincing  positive 
progress  in  reference  to  several  qaestions.  The  intimate  relations 
of  granitic  rocks  with  terranes  of  admissibly  sedimentary  origin 
were  brought  into  distinct  view,  and  many  instances  of  transition 
were  pointed  out,^  and  many  remarkable  cases  of  inclusion  of 
granitic  and  gneissic  fragments  in  the  body  of  the  schists,  and  vice 
versa.  In  the  report,  it  was  intimated  that  the  Animike  forma- 
tion overlap  one  eruptive  rock  and  underlay  thn  other,  and  that  it 
seemed  to  embrace  the  Ogishke  Conglomerate  in  its  lower  portion 
(p.  381).  The  lower  eruptive  rock  was  represented  to  be,  in  some 
places,  a  remarkable  agglomerate,  and  in  various  ways,  to  become 
changed  to  gi'eenish  schists,  chloritic  and  sericitic,  and  to  embrace 
in  its  mass,  generally  with  an  appearance  of  unconformity,  the 
jaspilyte  and  iron  ore  of  the  Vermilion  lake  region.  At  the  same 
time,  this  green  rock  exhibited,  at  times  very  manifestly,  some 
signs  of  aqueous  stratification.  At  other  tiipes,  no  such  structure 
was  found  in  it,  and  it  merged  into  a  dense,  homogeneous,  unbed- 
ded,  doleritic  mass.  It  was  announced  that  the  graywackes,  which 
are  in  this  ''  green-stone  "  formation,  fade  out  by  merging  into  its 
evidently  eruptive  condition ;  but  in  many  places  are  distinctly 
sedimentary,  having  much  quartz  in  rounded  grains,  arranged  in 
unmistakable  layers. 

It  was  again  pointed  out  that  besides  the  large  body  of  normal 
gneiss  at  the  geological  base  of  the  series,  there  is  inseparably 
associated  with  the  gabbro,  a  red  formation,  having  the  apparent 
composition  of  syenite  ;  and  also  a  further  distinction  in  the  rock 
of  the  Giaot's  range  —  one  portion  of  it  being  the  result  of  local 
change  in  some  bedded  sediments  probably  later  than  the  Lauren- 
tian  (pp.  347,  349,  362,  353).  The  cause  of  this  change  in  the  sedi- 
mentaries  was  suggested  to  be  the  gabbro  eruption.  The  red 
syenite  resulting  is  the  *'red  rock"  of  the  earlier  reports,  the  red 
quartz  porphyry  and  the  *'  Palisade  rock  "  of  lake  Superior  shore. 
This  report  contains  a  geological  map  of  the  northeastern  part  of 
Minnesota.     The  distinctions  recognized  are  the  following : 

1.  Trap  and  amygdaloid  \  r^       •t 

2.  Feldspathic  siidrock  }  Cupriferous. 

3.  Gabbro  and    red    granite,  sometimes 

dioryte  Mesabi  range. 

4.  Quartz  porphyry  and  felsy te. 

•Fiftunih  Annttal  Report  Minn..  1SJ*7,  pp,  290,  202.  2JB.  204.  200.    8ce  alsw>.  the  accorapatiy 
Injr  reports. 
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6.  Gray  quartzy  te  and  black  slate  Animike. 

6.  Greenstone,  diabase  and  chlorite  schist. 

7.  Sericitic  schist,  argillyte  and  gray  wacke     Kewatin  (in  part) 

8.  Iron  ore. 

9.  Conglomerate  and  oonglomeritic  f  elsy  te      Ogishke. 

10.  Mica  and  hornblende  schist  with  diory  te     Vermilion  serie& 

11.  Gneiss,  syenite,  granite  Laorentian? 

1668.  Qaestionsof  taxonomy  and  parallelism  occupy  much  at- 
tention in  the  report  of  work  for  1887.*  A  visit  to  the  "Original 
Horonian"  of  Sir  William  Logan  leads  to  the  conclusion  that  while 
the  stratigraphic  descriptions  of  Logan  were  faithful,  the  ''green 
chloritic  slates,"  so-called,  are  not  by  any  means  constituent  parts 
of  the  stratigraphy,  but  are  distinctly  eruptive.  The  ''slate  con- 
glomerate" of  Logan,  he  thinks  repeated  in  Minnesota^in  the  Ogishke 
Conglomerate  (pp.  39,  58,  59.)  The  general  parallelism  is  given 
as  below. 

Canada.  Minnesota. 

Ottertail  quartzy  te      )        j  Pewabic  quartzy  te? 

Thessalon  quurtzyte    \        j  New  Ulm,  Pokegama  and  Wauswaugo- 

ing  quartzytes. 

Black  slate  Animike  black  slate. 

"Lithographic  stone"  and 

fine  gray  quartzy  te  (Not  known.) 

Bed  felsyte  Felsytes  at  Duluth,  and  probably  the 

great  Palisades. 

Missisagui  quartzy  te  (Not  known.) 

Slate  conglomerate  Ogishke  conglomerate. 

Careful  observations  reported  from  the  region  north  of  Gunflint 
lake,  indicate  two  conclusions: 

1.  There  is  a  gradual  transition,  structural  and  mineralogical. 
from  the  Kewatia  downward,  through  mica  and  hornblende  schist, 
to  the  gneiss  (pp.  68-70.  Also  XVI  Rep.,  37-39.) 

2.  The  intermediate  crystalline  schists  (Vermilion  group)  do 
not  seem  in  all  places  to  be  present  (pp.  74-77, 81.)  Boom  exists 
for  the  supposition  that  the  metamorphic  action  in  some  regions 
was  sufficiently  powerful  to  carry  fused  masses  of  the  lower  sedi- 
mentary rocks  bodily  across  the  stratigraphic  horizon  of  the  crys- 
talline schists  into  contact  with  the  Kewatin  schists.  For  this 
reason,  crystalline  schists  sometimes  are  interrupted  by  gneissic 
rooks. 

Of  conglomerates  in  crystalline  horizons,  he  says: 

•Sixteenth  Mtnnemta  Report,  1888. 
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'The  oonglomeritio  structure  has  therefore  now  been  seen  in  the 
following  crystalline  rocks  of  Minnesota:  > 

1.  The  Sauk  Bapids ''granite." 

2.  The  porphyritic  conglomerate  at  Ogishke  Mnncie  lake,  and 
the  similar  gneiss  in  Kekekabic  lake. 

3.  The  Stuntz  island  porodyte. 

4    The  greenstone  of  Twin  mountain. 

6.    My  brother  reports  it  conspicuous  in  the  Saganaga  gneiss. 

6.  This  bowlder  [from  Iron  lake]  shows  it  in  the  Yermilion 
group.  (Later  known  in  gneiss  at  Bedwood  Falls  and  Morton  in 
the  Minnesota  valley.) 

7.  In  the  Laurentian  syenite  in  Michigan,  south  of  the  Aurora 
mine.* 

As  to  the  distinctness  of  the  Animike  and  Kewatin,  the  author 
entertains  no  longer  any  doubts,  and  he  cites  facts  on  pages  80  and 
81  which  prove  it,  and  prove  the  equivalence  of  the  Huronian  of 
Canada  with  the  Animike.    But  the  upper  part  of  the  Ogishke 
conglomerate  he  is  disposed  to  regard  as  a  member  of  the  Animike 
In  traversing  the  country  between  Gunflint  lake  and  Ogishke 
Muncie  lake  he  established  the  existence  of  an  upper  member  of 
the  Animike,  which  was  named  Pewabic  quartzyte.  It  is  magnetitio. 
and  lies  near  the  top  of  the  Animike  (pp.  85-86.)    He  parallel- 
izes the  Pewabic  quartzyte  with: 
Wauswaugoning  quartzyte. 
Thessalon  and  Ottertail  quartzyte  (of  Ontario.) 
Potsdam  sandstone  of  the  Adirondacks.f 

And  these  are  regarded  as  further  equivalents  of  the  Pewabic 
quartzyte: 

Granular  quartz  (Emmons) 
Teal  lake  quartzyte,  No.  Ill  ( Brooks. ) 
Quartzyte  group  (Bominger.) 
Baraboo  quartzyte. 

Sioux  quartzyte  (See  XYIIth.  Minn.  Bep.,  p.  51;(.) 
The  following  is  the  method  of  reasoning  employed  to  establish 
the  relations  of  the  Ogishke  conglomerate  with  the  Animike: 

"The  hills  about  the  northeast  extremity  of  Gabimichigama  lake 
consist  entirely  of  Animike,  fine-grained,  tilted,  fractured,  rece- 

*Many  bowlders  may  be  seen  in  the  granite  of  which  the  Chicago  *' Auditorium'*  \» 
built.  According  to  the  wrlter*s  observation,  few  granites  can  be  found  without  evi- 
dence of  fragmental  intermixture.  The  granite  in  the  *'AudltorIam*'  was  taken  from 
the  Giant's  range,  at  Hinsdale,  Minn. 

tOn  this  parallelism  see,  also,  American  Geoloi^ist, March.  1880. 

tin  the  eighteenth  annual  report  he  concludes  that  the  Pewabic  quartzyte  is  below 
the  blaclc  slates  of  the  Animike,  carrying  with  it  the  great  gabbro  outflow  and  the  red 
granites  and  quarts  porphyries  to  the  same  stratlgraphlc  position. 
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mented,  but  in  general  dipping  noribeasterly.  At  the  lake  ahore, 
these  beds  weather  out  very  rough,  the  silioions  veins  and  the  hard- 
er beds  projecting.  In  some  places  they  are  about  yertica],  but 
they  vary  constantly  in  dip  and  strike." 

''In  passing  along  the  north  shore  westward^  however,  N.  E.  \  of 
sec.  31,  65-5,  this  rock  becomes  slaty  and  vertical,  and  strikes  N. 
W.  by  compass. 

''AH  along  the  north  shore,  from  the  northeast  end  of  the  lake  to 
about  the  centre  of  N.  E.  of  sec.  31,  65-5,  these  titled  slates  and 
quartzytes  extend,  having  a  high  dip  toward  the  northeast,  and 
finally  becoming  vertical.  The  shore-line  runs  across  the  strike 
but  not  at  a  right  angle.  Hence  in  going  west,  one  passes  onto 
lower  and  lower  beds.  At  this  place  the  Ogishke  conglomerate 
appears  on  the  shore,  rising  in  a  ridge  about  fifty  feet  high,  at  a 
few  rods  from  the  shore.  On  the  beach  it  is  disintegrated  and 
hardly  preceptible.  The  dip  of  the  beds  of  quartzyte  and  slate  that 
are  inter  bedded  with  it  is  88^  N.  E.  and  the  strike  N.  W. 
There  is  thus  seen  to  be  an  undeniable  graduation  from  the  Ani- 
mike  into  the  Conglomerate.^^  (pp.  90-91). 

Further  evidences  of  a  transition  are  thought  to  be  present  in  the 
disturbed  condition  of  the  strata  about  Fox  and  Agamok  lakes  (pp 
94-95). 

18S9.  This  result,  as  announced  above,  is  pronounced  in  the 
report  of  work  for.  1838*  an  important  point  reached— "the  sep- 
aration of  the  Ogishke  conglomerate  from  the  greenstone  agglom- 
erate, on  which  in  some  places  it  must  lie  unconformably.  They 
seem  to  have  both  been  affected  by  the  gabbio  epoch  of  disturbance 
and  the  gabbro  was  found  in  different  localities  to  lie  on  the  greatly 
inclined  strata  of  one,  and  the  nearly  vertical  strata  of  the  other." 

This  report  embraces  very  comprehensive  discussions  of  the 
"'parallels  of  the  Kewatin,"  the  "possibility  of  rocks  younger  than 
the  Kewatin,  before  the  beginning  of  the  Taconic,"  the  "age  of  the 
Taconic  (Animike  Huronian),"  and  the  "age  of  the  Potsdam,'' 
all  of  which  must  be  consulted  in  arriving  at  an  adequate  esti- 
mate of  aggregate  results  reached  by  the  author;  but  it  is 
necessary  here  to  avoid  prolixity.  Among  "problems  that  need  fur- 
ther investigation,"  the  following  themes  are  suggested:  Eruptive 
and  sedimentary  Laurentian;  Planes  of  hydrothermal  fusion,  and 
their  relation  to  the  origin  of  the  crystalline  rocks;  Date  of  up- 
heaval of  the  crystalline  schists;  Nature  and  origin  of  jaspilyte; 
What  is  muscovado  rock  ? 


^SaoentumSh  Annual  Report^  Mtnnetmta,  p.  34. 18W. 
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Toward  the  close  of  the  report,  the  following  general  table  of 
Minnesota  rocks  is  introduced: 

Oaloifebous.    Magnesian  limestones  ) 

and  sandstones.  >  Dikelooephalos  horizon. 

St.  Cboix.    Sandstones  and  shales.      ) 

Overlap  unconformity. 
Overlap  unconformity. 


TAOONia    Black  and  gray  slates  and  ) 

quartzytes,  iron  ore  (Haronian,  VOlenellos  horizon. 
Animike).  ) 


Overlap  unconformity, 

Eewatin.  (Including  the  Eawishi- 
win  or  greenstone  belt,  with  its 
jaspilyte),  Serioitic  schists  and 
graywackes. 

Vebmilion.  (  Ooutchiching  ?)  crystal- 
line schists. 

Eruptive  unconformity. 


"N 


ArchsBan. 


J 


Laubentian.    Gneisa 

Cabl  Romingeb. 

Dr.  Bominger's  observations  and  specnlative  opinions  in  refer- 
ence to  the  older  rocks  are  embodied  in  a  state  report  upon  the 
Marquette  and  Menominee  iron  regions  of  the  Upper  Peninsola  of 
Michigan.^  Taking  up  first  the  Marquette  iron  district,  he  con- 
ceives it  "  as  a  synclinal  trough  of  granite,  which  by  the  upheaval 
of  its  northern  and  southern  margins,  caused  the  inclosure  of  the 
incumbent  sedimentary  strata  between  its  walls,  and  their  simul- 
taneous uplift  and  corrugation  into  parallel  folds  by  the  lateral 
pressure  exerted  from  its  rising  and  approaching  edges"  (p.  4). 

Speaking  more  specifically,  he  says  of  the  two  series  hitherto  re* 
garded  as  Laurentian  and  Huronian  : 

By  comparing  the  descriptions  cf  the  Laurei»tian  formation  as 
developed  in  Canada,  with  the  granitic  exposures  observable  in 
Michigan,  or  specially  in  the  Marquette  district,  I  cannot  see  so 
strong  an  analogy  between  them  as  to  identify  them  without  hesi- 
tation ;  while  I  endorse  the  identification  of  the  other  group  of 
rocks  with  the  Huronian,  although  they  differ  too,  in  some  degree'* 
(p.  5).  "I  declare  at  once  my  serious  doubts  whether  the  granites 
of  the  Marquette  region  represent  the  Laurentian  series  of  Eastern 

*G«4i^wtii  Survey  *tf  Mithi{/nn,  (>prr  PitHimmhi,  l>7V-wn.  atHHYiupanied  by  a  Gecricf^lcftl 
Map.  vol,  iv.  Svo,,  pp.  248,  lJ<SI. 
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Oasada,  which  I  have  neyer  had  an  opportunity  to  stady  in  the 
field,  bat  which  is  represented  to  be  a  maoh  older  formation,  pre- 
existing as  the  surface  rock  before  the  Huronian  sediments  began 
to  form,  while,  according  to  my  own  observations,  the  granites  of 
Marquette  are  eruptive  masses,  which  came  to  the  surface  after 
the  Huronian  beds  were  already  formed/' 

[Referring  to  the  discordances  between  these  two  systems,  fre- 
quently alleged  by  the  Canadian  geologists,  he  says  : 

"As  far  as  my  observations  go,  I  have  never  been  able  to  dis- 
cover any  positive  proof  of  an  existing  discordanca" 

Further,  in  reference  to  the  successional  and  structural  relations 
of  the  series,  he  continues : 

"By  their  eruption,  fthe  granitic  rocks]  caused  not  only  the  great 
dislocations  of  the  Huronian  formation,  but  the  half  molten,  plastic 
granite  mass  induced  by  their  contact  with  the  Huionian  rock- 
beds,  also  tbeir  alteration  into  a  more  or  less  perfect  crystalline 
condition,  and  commingled  with  them  so  as  to  make  it  an  embarass- 
ing  task  to  find  a  line  of  demarkation  between  the  intrusive  and  the 
intruded  rock-masses.  The  syenitic  and  gneissic  hornblende  rocks 
connected  with  the  granite  differ  so  little  from  the  crystalline 
hornblende  rocks  of  the  Huronian  series,  that  I  look  at  them  merely 
as  differently  advanced  stages  in  the  transformation  of  the  same 
material.  Those  nearest  to  the  focus  of  altering  inflaences  are 
now  completely  transformed  and  restored  to  the  domain  of  the  vol- 
canic nucleus ;  the  more  remote  strata  were  less  changed,  and  re- 
tained distinct  marks  of  their  sedimentary  origin  ;  but  if  this  view 
is  correct,  it  cannot  be  expected  to  find  traces  preserved  of  the  con- 
formable or  non-conformable  deposition  of  the  Huronian  layers  on 
their  substratum  *'  ( pp.  6,  7). 

He  dissents  from  the  subdivisions  of  major  Brooks. 

"Beginning  below  with  his  groups  from  I  to  Y,  he  never  made  an 
attempt  to  define  them.  *  *  As  to  groups  VII,  IX  and  XI,  cer 
tain  dioritic  outcrox>3  are  dettignated  and  considered  to  be  regularly 
interstratified  layers  in  the  sedimentary  succession,  while  I  have 
full  reason  to  consider  them  as  intrusive  masses,  belonging  to  a 
lower  horizon  of  the  Huronian  series,  which  by  volcanic  pressure 
have  been  forced  through  or  between  the  incumbent  rock-beds 
wherever  a  chance  for  it  was  offered,  and  consequently  are  found, 
one  time  in  contiguity  with  this,  another  time  with  another  stratum 
as  it  happened  to  be  the  surface  rock  of  the  spot.  *  *  Groups 
Xy  to  XX,  intended  to  comprise  a  younger  series  of  beds  developed 
in  the  western  part  of  the  Marquette  region,  are  unnecessarily 
multiplied  into  vaguely  defined  subdivisions.    Major  Brooks  iden- 
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tified  strata  of  the  Menominee  river  district  as  representatiyes  of 
Groups  XY  to  XX  which,  lithologically,  have  no  similarity  with 
those  of  the  Marquette  district,  adding  still  more  to  the  confusion 
already  existing."  Dr.  Bominger  arranges  the  Huronian  series  in 
the  following  subdivisions  (p.  8). 

YI.     Mica  Schist  Group. 

Y.    Arenaceous  Slate  Group. 
lY.    Iron  Group.  [Quartzite  Group  (p.  71.)] 

III.    Quartzite  Group.  [Iron  Group.] 

II.    Dioritic  Group. 

I.    Granitic  Group. 

The  Serpentine  group  is  separately  considered. 

Before  the  completion  of  his  report,  Dr.  Bominger  became  con- 
vinced that  his  Iron  group  and  Quartzite  group  ought  to  exchange 
places,  as  shown  above  in  brackets. 

Besides  the  granitic  masses  bounding  the  Huronian  on  the  north 
and  south,  he  says: 

''Granites  are  also  found  interstraified  with  the  Huronian 
schists." 

Of  the  character  of  the  granite  he  says: 

"They  are  usually  middling  coarse  grained,  of  reddish  tints, 
often  composed  of  a  magma  of  incompletely  defined  crystals  im- 
bedded within  a  granular  interstitial  mass  rather  than  of  well- 
formed,  completely  defined  crystals;  its  fracture  is  therefore  rather 
generally  of  a  dull  lustre.  *  *  The  micaceoas  constituent  of  these 
granites,  where  it  does  enter  into  the  composition,  is  rarely  well 
crystallized  in  brightly  shining  larger  leaves,  although  it  occors 
occasionally,  but  usually  has  a  minutely  scaly  form  and  a  dark 
green  color  approaching  to  chlorite  by  gradations,  or  is  replaced 
by  hydromicaceous,  fibrous,  granular  substance,  generally  called 
talcose  from  its  soft  greasy  feel  and  its  lighter  color,  with  partial 
transparency  in  thin  seams"  (p.  15). 

In  describing  gneissoid  rocks  of  this  region  he  says: 

'"This  stratified  banded  rock,  in  contiguity  with  the  granite,  and 
alternating  with  it  in  parallel  belts,  often  becomes  completely  en- 
tangled with  it.  The  granitic  masses  intersect  the  gneissoid,  enter 
wedge-like  between  them  in  the  direction  of  ther  lamination  or 
transversely,  inclosing  strips  of  the  gneissoid  ledges  between  the 
loops  of  the  anastomosing  granite  seams,  and,  moreover  frequently 
the  so  intermingled  masses  are  curved  into  the  most  curious  coils 
and  serpentine  flexions,  which  evinces  their  almost  plastic  condi- 
.tion  at  the  time  their  intermixture  took  place."  (pp.  16, 17.) 
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Passiog  to  the  consideration  of  the  Dioritic  gronp,  and  repeating 
hisoonviction  that  the  granites  are  the  newer,  he  says: 

''One  may  ask,  of  what  nature,  then,  was  the  snbstratam  on  which 
the  Haronian  sediments  were  deposited?  I  answer:  Nothing 
contradicts  the  xx)8sibility  of  their  deposition  on  a  surface  of  granite 
already  fofmed;  it  is  even  probable  to  me  that  it  has  been  so;  but, 
if  we  reflect  upon  the  high  degree  of  plasticity,  and  the  almost 
perfect  liquefaction  which  the  concerned  rocks  subsequently  under- 
went, and  upon  the  dislocative  forces  causing  the  softened,  and 
necessarily  by  this  softening  process,  considerably  altered,  masses 
to  intermingle  almost  chaotically,  we  can  no  more  wonder  that  the 
traces  of  the  originally  existing  former  relative  position  of  the 
rocks  among  themselves  are  greatly  obliterated.  The  records  of 
these  periods  in  the  history  of  the  earth's  crust,  when  oceanic  sed- 
iments commenced  to  form,  and  fell  back  again  within  the  grasp 
of  the  central  fire-focus,  as  we  can  observe  it  in  this  case,  are 
wiped  out,  and  most  likely  all  our  efforts  to  ascertain  the  existing 
original  conformity  or  discordance  between  such  rocks  will  be  in 
vain"  (pp.  22,  23). 

"The  rock  series  comprised  under  the  name  of  Dior  He  Oroup  is 
made  up  by  a  large  succession  ofschistosebedsof  a  very  uniform 
character,  which  are  interstratified  with  massive  belts  of  diorite 
differing  in  structure  from  the  minutely  granular,  almost  aphanitic 
condition,  to  a  coarsely  crystalline  form,  and  being  in  chemical 
composition  almost  identical  with  the  schistose  beds*'  (p.  23). 

Certain  relations  of  the  dioritic  masses  and  contiguous  schists 
are  of  interest: 

"Often  we  see,  as  in  the  above  mentioned  instances,  the  schists 
adjoining  a  diorite  mass  completely  entangled  with  it,  in  a  mode 
which  proves  a  high  degree  of  plasticity  of  the  diorite  mass*  at  the 
time  intermixture  took  place.  *  *  Although  the  general  char- 
acter of  this  large  series  of  rock-beds  is  very  uniform,  as  it  regards 
the  chemical  composition,  still,  an  endless  number  of  variations  in 
their  structure  is  produced  by  the  different  degrees  of  metamorph- 
ism  to  which  these  once  indubitably  sedimentary  rock-beds  were 
subjected"  (p.  34). 

It  will  be  remembered  that  major  Brooks  had  admitted  the  ex- 
istence of  two  horizons  of  iron  ore.  This  was  because  at  Negaunee 
and  the  vicinity,  a  quartzy te  was  found  in  a  relation  of  infraposi- 
tion  to  the  ore-bed,  while  in  most  of  the  mines  of  the  district,  a 
quartzyte  was  seen  reposing  above  the  local  ore-bed.  These  phe- 
nomena were  supposed  to  indicate  the  existence  of  an  ore-bearing 
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horizon  above  the  quartzyte  and  another  below  it.  Dr.  Bominger 
undertakes  to  prove  that  only  one  ore-horizon  exists,  and  that  the 
normal  position  of  the  quartzyte  is  above.  Major  Brooks  was  also 
under  the  necessity  of  assaming  two  quartzytee,  Nos.  XIY  and  Y, 
the  latter,  or  Teal  lake  quartzyte,  being,  according  to  Bominger, 
identical  with  the  former,  and  its  actual  relative  position  being 
''the  result  of  an  overturn  of  the  strata."  (pp.  71,  72,  89.) 

Lithologically,  he  adds: 

"The  quartzites  covering  the  ore-bearing  ledges  are  compact, 
dark*colored  by  haamatitic  pigment  and  by  intermingled  granules 
of  martite.  The  inferior  strata  are  almost  regularly  brecciated  and 
intermingled  with  ore*fragments.  In  the  pits  of  the  Cleveland  mine, 
south  of  the  Houghton  and  Ontonagon  Bailroad,  these  brecciated 
quartzites  are  immediately  underlaid  by  a  fine  seam  of  specular  ore 
which  itself,  is  on  its  surface,  of  brecciated  structure.  This  ore- 
bed  is  underlaid  by  a  series  of  light  greenish  or  grayish  colored, 
silky-shining,  hydromicaceous  schists  impregnated  with  small 
martite  crystals,  which  on  their  part,  repose  on  the  red,  jasper- 
banded  lean  ores  with  inclosed  seams  of  granular  and  slaty  specu- 
lar ore.  In  the  pits  noith  of  the  railroad,  the  quartzite  is  generaUy 
underlaid  by  chloritic  schists  inclosing  locally  quite  large  octahed- 
rons of  martite.  Below  them  usually  follows  a  valuable  seam  of 
specular  ore,  schistose  chloritic  beds  again,  and  then  mixed,  jasper- 
banded,  lean  ores,  with  other  interstratified  seams  of  ore,  partly  in 
the  granular  form,  partly  as  a  slate-ore;  lowest,  resting  on  dioritic 
schists  are,  in  the  New  York  mines,  fine-grained,  silky-shining, 
dark,  gray-colored  argillites,  charged  with  minute  granules  of 
martite  more  or  less  abundantly,"  (pp.  81-82). 

The  **  Arenaceous  Slate  Group "  of  Bominger  is  generally  in- 
cumbent on  the  quartzyte  formation;  but  where  this  is  wanting,  it 
rests  on  the  iron  ore  formation;  and  if  this  also  is  absent,  it  rests 
directly  on  the  dioritic  series.  According  to  these  statements  a 
break  exists  betvi^een  the  epoch  of  the  quartzyte  and  that  of  the 
Arenaceous  Slate  (Compare  also,  pp.  113, 114, 115.)  These  strata 
appear  sometimes  as  ''a  thick  belt  of  black,  fine-grained,  slaty 
rook-beds,  iuterlarainated  with  silicious  sandy  seams.  *  *  Next 
south  of  these  alates  are  high  walls  of  massive,  light  colored  quartz- 
ites in  direct  conformable  contact  with  them,"  (p.  105). 

In  other  localities,  the  group  "consists  of  sandy,  somewhat 
micaceous  flagstones,  or  of  finer- grained,  banded,  silicious  rock- 
beds  all  more  or  leas  impregnated  with  protoxide  of  iron  as  a  color- 
ing-matter, and  with  granules  of  magnetite,  (p.  108).  Elsewhere 
they  are  clay-slates  more  or  less  silicious,  (pp.  112, 113);  or  ''black 
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magnetic  flags  interlaminated  with  slaty  and  arenaceous  seams," 
<p.  117). 

At  a  locality  in  the  yalley  of  the  Carp  river  this  series  has  ''in 
part,  a  conformable  northern  dip  with  the  qaartzites,  but  frequently 
also,  a  southern  dip  is  observed;  though  the  direct  contact  of  the 
two  formations"  is  concealed  by  Drift,  (p.  106). 

This  Arenaceous  Slate  group  occupies  the  surface  over  a  large 
area  on  the  north  of  the  dioritic  belt  which  abuts  on  lake  Superior 
at  Marquette;  and  over  another  area  on  the  south  of  the  dioritic 
belt.  It  is  believed  by  Dr.  Bomiuger  to  be  of  the  same  age  as  the 
slate  formation  in  the  district  of  L'Anse  and  Huron  bay,  between 
Marquette  and  Keweenaw  point.  *The  thickness  of  the  latter 
slates  "is  enormously  great."  In  color  they  range  from  dark  to 
blackish,  are  partly  hard  and  silicious,  of  bedding  and  cleavage  too 
irregular  for  roofing,  but  are  also  in  part,  regularly  laminated, 
of  an  agreeable  black  color,  and  well  suited  for  roofing,  (vol.  iii,  p. 
163).  Locally,  however,  the  Huron  slates  vary  to  ''whitish-gray- 
yellow,  red  and  brown."  They  possess  all  degrees  of  hardpess. 
The  cleavage  appears  often  coincident  with  the  sedimentation,  but 
where  the  colored  bands  are  preserved,  they  are  seen  to  make  an 
acute  angle  with  the  cleavage.  The  sedimentary  dip  is  northward. 
The  formation  presents  three  divisions:  An  upper  of  lighter 
colored,  variegated  slates;  bl  middle,  of  alternating  slaty  and  arena- 
ceous beds,  with  interstratified,  larger,  compact  quartzyte  belts  of 
light  color  and  partly  blackish;  and  a  lower  division  embracing  the 
roofing-slates,  (voL  iv,  p.  130).  The  middle  division  is  regarded 
as  equivalent  to  the  Arenaceous  Slate  group  of  the  Marquette  dis- 
trict It  is  likewise  an  instructive  coincidence  that  a  higher  hori- 
zon of  iron-ore  occurs  in  both  regions,  of  which  the  Taylor  mine 
is  an  example  in  the  L*Anse  district,  and  the  Northampton  and 
d'Alaby  mines  (north  of  the  Champion  mine)  are  examples  within 
the  Marquette  district.  The  ore  occurs  above  the  black  slates, 
which  in  the  Marquette  district  are  graphitic  These  ore  deposits 
are  regarded  as  contemporaneous  with  that  of  the  Commonwealth 
mine  in  Wisconsinf  (pp.  130,  222-227). 

The  rocks  of  the  Mica  Schist  group  of  Bominger  are  described 
as  "  a  sub-porous  ground-mass  of  very  minute  granules  of  white^ 
translucid  quartz  in  intermixture  with  a  large  proportion  of  bright- 

*Dr.  Rom ingor's  earliest  observations  on  tlio  L'Anso  slates  are  found  in  Oeoloffyof 
Michioan,  vol.  ill,  pp.  l.')0-166.    His  later  views  are  in  vol.  Iv,  pp.  120-130. 

tThis  is  the  view  of   major  Brooks,  recorded  ante'  p  174.    The   reader  cannot  fail 
to  compare  the  description  of  these  slatt^s  and  their  accompaniments  of  quartz-schist 
and  Iron-ore,  with  the  published  descriptions  of  the  Anlmlke  series.    See,  especially, 
ante*  pp.  176-184.    For  further  description  of  the  Commonwealth  mine,  see  C.  E.  Wright, 
Geology  of  WUeoti9in,  vol.  ill,  pp.  ({78-684.    (Compare  also.  Eagle  mine,  Wisconsin. 
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ly  glistening  black  mica  scales,  and  not  rarely  also^  with  chlorite** 
(p.  131). 

The  mica  is  sometimes  silvery,  and  the  schists  are  interlaminated 
with  large  belts  of  a  more  compact,  minutely  grannlar,  sab-poroos 
qnartz  rock,  not  so  rich  in  the  micaceoos  constituent,  bat  often 
mingled  with  carved  greenish  crystals  of  actinoUte>  In  some  con- 
ditions  this  formation  reveals  a  distinct  sedimentary  striation  (pp. 
132, 133). 

Dr.  Bominger  is  not  able  to  reach  a  satisfactory  solution  of  the 
genesis  of  the  Serpentine  group. 

"  The  hypothesis  that  the  Serpentine  formation  is  the  product  of 
local  metamorphic  influences  on  the  dioritic  series  [by  which  it  is 
surrounded],  is  very  improbable,  as  the  lithological  character  of 
ihe  two  contigaous  rock-Bpecies  changes  abruptly."  "  The  rocks 
occur  generally  in  bulky,  non- stratified  masses  which,  if  they  ever 
originated  from  mechanical  sedimentary  deposits,  are  by  chemical 
action  so  completely  transformed  as  to  efface  all  traces  of  their 
former  detrital  structure.  They  resemble  a  volcanic  eruptive  rock, 
forced  to  the  surface  in  a  soft  plastic  condition ;  and  most  likely 
heat  was  one  of  the  prime  agents  in  their  formation,  or  else^trans- 
formation  in  combination  with  aqueous  vapors — which  is  suggested 
by  the  hydrated  composition  of  the  serpentine"  (p.  135). 

A  study  of  the  Menominee  iron  district  led  to  the  determination 
of  the  following  groups  of  rooks  (p.  182). 

III.  Lake  Hanhury  Slaie  Oroup.  Dark- gray,  slaty  or  schistose 
beds,  with  interlaminated  quartzose  belts.  Thickness  over 
2,000  feet. 
II.  Quinnesec  Ore  Formation.  In  the  upper  part,  light  red, 
whitish  or  gray,  hydromicaceous  and  argillitic  strata.  In 
the  lower  part,  silicious  beds  richly  impregnated  with 
iron  oxide  in  the  amorphous,  hsematitic  condition,  or  in 
the  crysialline  form  of  martite,  with  metallic  lustre,  and 
inclosing  beds  almost  exclusively  of  martite  granules. 
The  valuable  ore  deposits.  1,000  feet. 
I.  Norway  Limestone  Belt  Light-colored  quartzyte  and  sili- 
cious limestone,  usually  in  part  of  a  brecciated  structure. 
1,000  feet. 

The  rocks  along  the  Menominee  river  are  regarded  as  equiva- 
lents of  the  Diorite  Group  of  the  Marquette  district,  and  decidedly 
not  representatives  of  Nos.  XV-XX  of  major  Brooks. 

^Evidently  this  is  not  a  proper  **mlca  schist,"  but  rather  a  micaceous  quartzyte  or  a 
micaceous  quartz  schist.  It  can  scarcely  be  compared  with  the  "  tender"  mica  schists* 
of  Hunt's  Montalban,  though  the  horizon  Is  nearly  coincident. 
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In  genera],  the  comparison  of  the  Marquette  and  Menominee 
districts,  in  spite  of  Dr.  Bominger's  deprecation  of  tabular  paral- 
lels, may  be  best  shown  by  the  following  table  (pp.  240-241): 


Mabquxtte. 


I  Ore  deposits  ot  the  Taylor,  S.  O. 
Smitn^    d'AI&by   and    Northam- 
ton  mines. 
Actlnolite  schists   above    quartz- 
ytes  of  Mlchigammi    and  Spurr 
mines. 

IV    i  Quartzyte  Group  (Teal  lake). 
*  '  •   1  Limestone  in  juxtaposition. 


III.   -j  Iron  Group. 


Menominee. 


jj     \  Dloritic  Group. 
^**   1 1ntrusive  Granites. 


Commonwealth  and  related  ores. 


Actlnolite  schists. 

j  Quartzyte  of  Sturgeon  river  falls. 
1  Limestone  separated  by  an  Interval. 

-j  Quinnesec  Iron  range. 

j  Diory  tes  and  schists  of  Menominee  river. 
1  Felsyte  Porphyry,  Pemenee  Falls. 


EOLAND  DUER   IrVING. 

1877.  In  his  annaal  report  for  1874,  made  to  Dr.  I.  A.  Lapham, 
state  geologist  of  Wisconsin,*  the  ''Copper-bearing  Bocks"  were 
made  by  professor  Irving,  a  distinct  division  in  the  geology  of  the 
northern  part  of  the  state,  holding  a  position  between  the  Horon- 
ian  and  the  Potsdam  sandstone.  He  showed  also  the  existence  of  a 
.synclinal  axis  in  Wisconsin,  in  continuation  of  the  great  trough 
between  Keweenaw  point  and  He  Boyalcf  He  held,  first,  that  the 
beds  of  the  Copper-bearing  series  and  those  of  the  Huronian  were 
once  spread  horizontally  over  one  another,  including  the  whole 
series  of  tilted  sandstones  on  the  Montreal  river;  they  were  dis- 
turbed by  the  same  force,  and  receiving  their  present  tilted  posi- 
tions at  the  same  time,  as  evinced  by  the  entire  conformability  of 
the  two  series.  Second.  The  horizontal  sandstones  of  the  Apostle 
islands  and  the  west  side  of  lake  Superior  were  laid  down  subse- 
quently, and  after  an  immense  amount  of  erosion;  and  the  sand- 
stones of  eastern  lake  Superior  were  formed  at  the  same  time. 
Third.  The  Copper-bearing  rocks  should  rather  be  classed  with 
the  Archsean  than  with  the  Silurian. 

The  Baraboo  and  related  quartzyte  masses  lying  in  Wisconsin, 
many  miles  south  of  the  principal  Archaaan  area,  have  been  differ- 
ently viewed  by  different  geologists,  some  regarding  them  as  of 
Huronian  sge^X  and  others,  as  the  representatives  of  the  Potsdam 
Bandstone,§— the  Wisconsin  sandstone  so  described,  pertaining  as 

*0€oU)ayof  WigeonHn,  Survey  of  187a-1877,  vol.  il,  p.  47, 1877. 

fTblB  view  was  earlier  set  forth  In  Amer.  Jour.  Sct.^  Ill,  vill,  45-50, 1874. 

tJ,  Hall,  Oeotogy  of  WUiconain,  1602;  Irving,  Amer.  Jour.  Set,  III.  111,98-09;  Otology  of 
WUwMin,  11,504-624;  Chamberlin.  Oeol.  Wig,  11,248-266. 

IPercival,  Annual  Report  Qtol.  Surv.  Wis.,  1866.  p.  101;  A.  Winohell.  Amer.  Jour.  Se(.,  II 
xxxyH,  226;  J.  H.  Eaton,  Wiseon.  Aead.  Set.,  Feb.  1871. 

-J4 
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tbey  think,  to  a  higher  horizon.  Professor  Irving,  as  early  as  1871, 
announced  his  oonviotion  of  their  Huronian  age;  and  in  the  Wis- 
consin report,  he  worked  out  the  evidences  with  fullness.  The 
quartzyt^s  are  differentiated  from  the  contiguous  sandstone  by  litho- 
logical  characters  and  abrupt  structural  unoonformability;  and  the 
^only  weakness  in  professor  IryiDg's  position  is  the  lack  of  full  proof 
that  the  sandstone  is  the  true  equivalent  of  the  P(9tsdam.^ 

1S80.  The  third  volume  of  the  geology  of  Wisconsin  reveals  his 
masterly  grasp  of  the  geological  structure  of  northern  Wisoonsiii, 
and  of  the  genesis  and  history  of  the  rocks  which  underlie  the  region. 
Here  are  presented  in  bold  and  confident  outline,  those  interpreta- 
tions, bordering  sometimes  on  speculation,  which  characterized 
the  leading  discussions  which  occupied  him  until  removed  by  an 
early  death.  His  writings  are  so  voluminous,  however,  that  it  will 
not  be  practicable  to  do  more  than  set  forth  bis  positions  on  some 
of  the  great  questions  with  which  he  grappled. 

In  reference  to  the  nature  and  origin  of  the  Laurentian  rocks, 
which  he  fully  parallelized  with  the  Canadian  Laurentian  (iii,  5), 
we  find  him  using  the  following  language: 

"The  prevailing  rock  along  the  northern  border  [of  the  northern 
mass]  is  a  dark  gray  to  black  hornblende  gneiss,  in  which  the  horn, 
blende  has  usually  been  more  or  less  altered  to  chlorite.  This 
alteration,  when  carried  to  any  considerable  extent,  gives  a  greenish 
tinge  and  greasy  feeling  to  the  rock,  and  in  cases  of  extreme  alter- 
ation, there  is  a  passage  to  a  green  chloritic  schist.  The  associated 
granites  are  usually  light  pinkish-tinted  to  gray,  and  highly 
quartzose,  a  frequent  gneissoid  tendency  showing  their  sediment- 
ary nature,"  (iii,  6). 

"  The  hornblende  gneiss  is  always  very  plainly  laminated,  fre- 
quently highly  schistose  and  the  whole  internal  structure  of  the 
rock,  as  seen  under  the  microscope,  shows  conclusively  its  original 
clastic  condition.  The  granites  are  generally  without  such  distinct 
bedding  but  appear  nevertheless,  to  be  true  metamorphio  granite. 
No  eruptive  granite,  recognizable  as  such,  has  been  observed.  It  is 
not  possible,  without  overstepping  the  limits  of  our  district,  to 
reach  any  important  generalizations  with  regard  to  the  Laurentian 
series.  It  is  evident  enough  that  the  rocks  are  of  a  true  sediment- 
ary origin,  and  that  they  have  been  folded  in  an  exceedingly  intri- 
cate manner,"  (iii,  93). 

In  still  another  place,  professor  Irving  records  views  in  this  coq- 
nection,  which  possess  interest: 

«Thla  equlTalency  has  been  earnestly  contested  In  writings  by  N.  H.  Winohell* 
already  quoted.   See.  ant^,  pp.  175. 
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"  The  term  igneous,  as  used  by  Mr.  Wright,  who  seems  also  to 
hold  to  the  unwarrantable  theory  that  the  original  rock  of  the 
earth's  first  formed  crust  would  be  granite,  is  one  not  applicable  to 
any  granites,  since  even  in  the  case  of  the  exotic  kinds,  the  relation 
of  the  constituent  minerals  disproves  a  true  igneous  origin.  The 
quartz  of  granite  is  always  the  last  formed  mineral,  whereas,  from 
its  infusibility,  it  would  certainly  be  the  first  to  form  in  cooling 
from  a  state  of  fluidity.  All  the  facts  go  to  show  that  the  intrusive 
granites  are  but  sediments  softened  by  what  has  been  termed 
aqueo-igneous  fusion,  to  a  degree  of  plasticity  sufficient  to  allow  of 
their  penetrating  fissures  in  the  adjacent  formations.  The  intru- 
sive or  exotic  granites  and  the  metamorphic  or  indigenous  granites 
have  thus  had  about  the  same  origin,  and  there  are  no  lithological 
characteristics  whatever,  either  mioroscropic  or  macroscopic,  by 
which  we  can  distinguish  them  in  specimens,"  (iii,  p.  194,  note). 

At  a  later  date,  professor  Irving  recorded  his  views  as  follows: 

"  This  stratification  [of  gneiss],  or  parallel  arrangement  of  its 
ingredients,  is  commonly  believed  to  have  been  caused  by  the  pro- 
cess of  sedimentation,  the  crystalline  texture  now  shown  by  the 
gneiss  and  all  other  crystalline  schists  being  regarded  as  the  result 
of  a  peculiar  process  of  molecular  arrangement  known  to  geologists 
as  '  metamorphism.'  While  it  seems  very  probable  that  there  is  a 
great  deal  of  truth  in  this  view,  the  theories  of  metamorphism  as 
they  now  stand,  are  very  unsatisfactory.  Many  rocks  which  have 
been  called  metamorphic  are  plainly  of  an  eruptive  origin,  and  it 
seems  not  jpnprobable  that  the  same  origin  is  to  be  attributed  to 
some  rocks  with  a  strongly  developed  schistose  structure.*'  * 

Of  the  Huronian  system  he  remarks: 

''  Lying  immediately  against  the  Laurentian,  and  very  sharply 
defined  from  it,  we  find,  extending  from  the  Montreal  river  west- 
ward for  fifty  miles,  to  lake  Numakagon,  a  belt  of  schistose  rocks 
which  we  refer  unhesitatingly  to  the  Canadian  Huronian,  and 
which  are  beyond  question,  the  direct  westward  extension  of  the 
iron-bearing  series  of  the  Upper  Peninsula  of  Michigan,"  (iii,  6). 

The  subdivisions  of  this  belt  are  recognized  as  follows,  (iii,  6): 

5.  Medium-grained  to  aphanitic,  dark  gray  mica  schists,  with 
coarse  intrusive  granite.    7,985  feet. 

4.    Alternations  of  black  mica  slate  with  dioryte  and  schistose 
quartzytes,  and  unfilled  gaps.    3,495  feet. 

3.    Tremolitic  magnetite  schists,  magnetitic  and  specular  quartz- 
ytes —  forming  the  Penokee  Iron  range.    780  feet 


*GeolOQy  of  Wigeonsin,  vol.  I,  p.  382, 1883. 
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2.  Straw-colored  to  greenish  quartz-schist,  and  argillitic  mica 
schist,  often  novacalyte.    410  feet. 

1.  Crystalline  tremolitic  limestone,  at  times  overlaid  by  a  band 
of  white  arenaceous  quartzyte,  and  at  times  absent^  the 
next  formation  above  them  coming  into  contact  with  the 
Laurentian.    130  feet. 

As  the  identification  of  the  Penokee  series  with  the  Huroniau  is 
still  a  subject  of  debate,  professor  Irving's  affirmative  reasons 
possess  interest : 

(1).  There  appears  to  be  a  direct  continuation  with  the  iron- 
bearing  system  of  the  Marquette  region  of  Michigan ;  (2).  The 
grand  subdivisions  of  the  Bad  river  [Penokee]  and  Marquette  sys- 
tems are  strikingly  similar ;  *  (3).  The  Bad  river  and  Marquette 
systems  both  show  the  same  relation  to  the  Laurentian  and  Ke- 
weenawan  systems  as  found  in  the  Huronian  of  Canada ;  i.  e.  are 
newer  than  the  former  and  older  than  the  latter  ;  (4).  The  Mar- 
quette system  is  found  in  unconformable  contact  with  the  Lower 
Silurian  red  sandstone  of  lake  Superior,  and  also  in  the  Menomi- 
nee region,  is  also  found  in  unconformable  contact  with  the  fossil- 
iferouB  Primordial  sandstones  of  the  Mississippi  valley  (iii,  p.  7).t 

The  boldest  feature  of  the  views  promulgated  at  this  time,  was 
the  characterization  of  the  "  Keweenawan  System,"  a  step  fore- 
shadowed in  1877,  and  evidently  meditated  since  1874.  This 
widely  extended  Michigan- Wisconsin  system  is  thus  described  : 

"  It  is  a  distinctly  stratified  system,  but  is  in  large  measure  made 
up  of  eruptive  rocks  in  the  form  of  great  flows.  Thesefappear  to 
constitute  in  Wisconsin,  the  lower  ten  thousand  to  thirty  thousand 
feet  of  the  system,  apparently  without  interstratified  detrital  beds. 
Above  these,  we  find  the  detrital  beds  increasing  in  frequency, 
until  they  seem  to  exclude  the  igneous  rocks  altogether ;  the  upper 
portions  for  some  fifteen  thousand  feet,  Iteing  apparently  com- 
posed wholly  of  sandstone  and  shale,  with  a  heavy  mass  of  con- 
glomerate at  base'*  (iii,  7). 

These  rocks  in  northern  Wisconsin,  form  a  true  synclinal  de- 
pression, and  the  Chequamegon  bay  lies  within  it,  but  crowded 
over  to  the  northern  side.  The  eruptive  rocks  of  the  system  are 
chiefly  of  the  augite-plagioclase  kind — hornblende  when  occasion- 

*The  stratigraphy  of  the  Penok(>e  Range  is  given  in  Amer.  Jour.  Set.  Ill,  xvli,  pp. 
aoi-906  and  OeoLof  Wis.^  ill,  p  450,  table,  and  in  fall  detail  in  the  same  volume,  pp.  lOB-166. 
On  the  "  Mica  Schists  and  Black  slates,"  see  Van  Hise,  Amer,  Jour.  Sci.,  III.  xxzl,  453- 
460, 1880.    On  the  "  Iron  Ores  **  of  the  series,  see  Van  Hise.  Amer.  Jour.  Sef.,  Ill,  xxxvii 
32-48, 1880.    On  their  **  Origin  '*  see  Irving,  Amer.  Jour.  Sd.  Ill,  xxxii    2S^Zr2, 1886. 

"frhls  identification  had  been  announced  previously  by  Irving  in  Amer.  Jour.  Se<.,  HI, 
xvll,  303-308, 1879.  Further  on  the  "  Divisibility  of  tho  Archa»an  In  tho  North  wp«1."  nee 
Irving.  Amer.  Jmir.  Sri..  ITT.  xxix.  2^r-?4?\  l^'-:-. 
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aUy  ooourring,  being  always  a  paramorphic  prodaot  of  the  augite. 
These  eruptiyes,  therefore  present  a  marked  distinction  from  the 
hornblende-bearing  eruptives  of  the  Hnronian  ;  and  belong  to  the 
Bosenbnschian  categories,  diabase,  melaphyr  and  gabbro.  The 
diabases,  which  are  far  the  most  abundant,  occur  in  distinct  beds 
of  overflow,  each  of  which  (as  first  pointed  out  by  Pumpelly  and 
Marvine)  is  amygdaloidal  above,  and  massive,  often  columnar  be- 
low, with  an  intermediate  zone,  which  Pumpelly  designated 
''pseudo -amygdaloidal."  The  gabbros  are  coarse  grained,  and  two 
varieties  are  distinguished,  the  most  common  being  light  to  dark 
gray  and  perfectly  crystalline,  and  the  other  being  red  and  bladk 
mottled,  or  red  and  gray  mottled,  with  some  of  the  crystals  dulled 
in  appearance,  or  red-stained  by  iron  infiltration  (iii,  10).* 

1883,  In  the  progress  of  these  studies,  professor  Irving  devoted 
much  attention  to  the  subjects  of  paramorphic  changes  and  sec- 
ondary enlargements  in  the  mineral  constituents  of  rocks ;  and 
while  not  by  any  means  the  first  to  bring  these  facts  to  light,  he 
was  foremost  in  extending  our  knowledge  of  them,  and  in  illustrat- 
ing their  importance  in  the  history  of  the  rocks.  He  alludes  to 
the  fact  that  most  of  the  older,  dark  basic,  massive  rocks  have  been 
called  diorytes,  because  hornblende  is  joined  in  them  with  a  tri- 
clinic  feldspar,  while  augite  seldom  occupies  the  same  place.  But 
he  says: 

''  Precisely  the  reverse  of  this  is  the  case,  the  diabases,  in  fact, 
being  the  common  kinds,  while  diorites  are  everywhere  rare. 
Moreover,  in  many  diorites  entitled  to  be  so  called  by  their  content 
of  hornblende  as  a  chief  constituent,  this  mineral  has  been  proved 
to  be  merely  a  secondary  transformation  of  augite,  remnants  of 
which  are  here  and  there  to  be  seen  in  little  cores.*'  f 

This,  he  says,  is  true  of  all  the  diorytes  which  he  had  studied  in 
this  section,  and  he  entertained  little  doubt  that  the  same  would 
be  found  true  of  the  diorytes  described  by  Wichmann  from  the 
Menominee  region.  Hence  he  concludes  that  no  dioryte  as  an  orig- 
inal rock,  has  been  found  in  Wisconsin.^ 

The  work  on  the  Wisconsin  survey  having  closed,  professor  Irv- 
ing entered  upon  a  great  undertaking,  under  the  auspices  of  the 
United  States  Geological  Survey.  This  was  the  preparation  of  "  a 
memoir  aiming  at  a  general  exposition  of  the  nature,  structure  and 

*Thls  aeries  of  beds  had  In  1873  been  named  "Kewoonaw  Group,"  by  T.  8.  Hunt.  {Trans, 
Amer.  Inti,  Mining  Eno.,  h  331-342) :  and  In  1875,  •*  Keweenawlan,"  by  Brooks.    Later 
*•  Keweenlan,"  the  more  euphonious  form  of  the  name,  was  proposed  by  Hunt  (Harper's 
Annual  Record,  1876).    See  Gwl.  Wis.,  111.  660.    UemovInK  nuperfluous  letters,  there  re- 
mains **  Kewenian."  the  best  form  of  all. 

^OeoUvy  of  Wiseansin,  vol.  1,  p.  345, 1883. 

$What  is  true  in  Wisconsin  is  very  likely  to  be  true  als<i  In  Michigan. 
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extent  of  the  Beriee  of  rocks  in  which  ocenra  the  well-known  native 
copper  of  lake  Saperior."  The  transmiBsion  of  this  memoir  beaiB 
date  October  25, 1881,  but  the  title  page  ia  dated  1883  * 

Thia  remarkable  work  ia  an  amplification  of  viewa^  and  strength- 
ening of  positions  relating  to  a  newly  recognized  geological  system 
which  in  the  Wisconsin  report  had  been  defined  as  Keweenawan^f 
It  is  not  intended  to  give  any  sjmopsis  of  this  Tolame»  nor  to  point 
oat  the  excellencies  of  the  treatment;  bat  a  few  of  its  more  import- 
ant positions  will  be  stated. 

The  Lower  Gronp  of  the  Upper  Copper-bearing  series  of  Logan 
— the  ^' Animike"  of  Hant — is  excladed  from  the  system;  bat  the 
white  and  red  dolomitic  sandstones,  in  the  peninsala  between 
Black  and  Thonder  bays,  and  thence  to  lake  Nipigon,  are  inclnded. 
The  horizontal  sandstones  which  form  the  sonth  shore  east  of  Bete- 
Grise  bay  on  Keweenaw  point,  and  westward  &om  Clintcm  point, 
Wisconsin,  are  also  included.  The  system,  then,  "  consists  of  the 
saccession  of  interbedded  traps,  amygdaloids,  f elsitic  porphyries 
porphyry-conglomerates  and  sandstones,  and  the  conformably  oyer- 
lying  thick  sandstone,  as  typically  developed  in  the  r^on  of 
Keweenaw  point  and  Portage  lake,  on  the  soath  shore  of  lake 
Saperior,"  (pp.  24,  385). 

The  volcanic  theory  of  the  origin  of  pebbles  forming  the  con- 
glomeritic  beds  is  combatted.  This  theory  had  been  promulgated 
by  Hoaghton  in  1841,  and  Foster  and  Whitney,  in  1850  and  1854.^ 
The  system  is  demonstrated  to  be  anconf  ormable  with  the  Hnronian 
below  and  the  Silurian  above. 

The  i)ossibility  of  a  sedimentary  origin  for  any  of  the  stratified 
semi-amygdaloids§  of  the  Agate  Bay  group  of  beds  is  "  absolutely 
excluded  by  the  completely  crystalline  interior  texture,  the  highly 
vesicular  character,  the  presence  of  unindividualized  magma,  the 
mioroscopio  flowage  structure,  and  the  graduation  of  each  bed 
downward  into  vertically  columnar,  non-vesicular  olivine-diabase* 

*U.  8,  OtolooieaZ  Survey,  Clarence  King,  Director.  "  The  Copper-bearing  Books  of 
Lake  Superior,'*  4to,  pp.  464,  with  maps  and  cuts,  1883.  [Being  Monograph  V.]  A  full 
digest  of  this  memoir  Is  contained  In  the  Third  Annual  Report  of  the  IT.  8.  GeoL  Surr. 
pp.  68-106.  Bulletin  No.  23,  U,  8.  GtoU  Surv.,  1885,  pp.  124,  by  B.  D.  Irrlng  and  T.  C.  Cham- 
berlln,  Is  an  Important  supplement  to  this  memoir. 

tThls  system  Is  set  forth  In  an  elementary  way  suitable  for  the  general  reader,  by 
T.  C.  Charaberlin,  In  the  first  volume  of  the  Wiseonsin  Report,  pp.  06-118, 1883. 

i^Wadsworth  also  states  that  Foster  and  Whitney  "  remain  the  best  and  most  accur- 
ate exponents  of  the  geology  of  the  country.*'  (BuU.  Mus,  Comp.  2iool„  vU  QeoL  8er,,  1, 
pp.  13, 181} ;  and  would  thus  seem  to  approve  this  leading  position;  yet,  without  noting 
his  divergence  from  them,  he  says:  "These  conglomerates  and  sandstones  show  by 
the  rounded  and  water-worn  character  of  their  constituent  pebbles  and  grains,  that 
they  are  beach  deposits,'*  (id.,  p.  128). 

•Noticed  by  N.  H.  Wlnchell,  ant6,  p.  ITT,  and  called  by  Norwood,  **  met  amorphic 

hales.*' 
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(pp.  138,  287)*  The  forms  of  the  "Sawteeth  monntains"  he 
refnses  to  attribute  to  faulting,  and  says: 

"  The  case  is  jost  saoh  as  is  found  in  every  region  of  flat-dipping, 
hard  rooks,  and  especially  where  softer  layers  are  interbedded,  as 
in  this  case,''  (p.  142). 

He  regards  the  dikes  seen  along  the  Minnesota  shore  as  sources 
of  the  flows  of  the  lake  basin  ;  and  antagonizes  Dr.  Selwyn's  sug- 
gestion of  activity  through  a  single  vent  (p.  144).  The  "Palisade 
rock,"  he  says,  "is  shown  under  the  microscope,  to  be  a  quartz-por- 
phyry, with  no  traces  of  a  clastic  nature  (p.  187).  The  central 
mass  of  the  Porcupine  mountains  is  a  quartzose  porphyry  unques- 
tionably eruptive.  Their  structure  has  so  much  in  common  with 
that  of  the  laccolitic  mountains  in  southern  Utah,  that  they  might 
be  supposed  to  owe  their  existence  to  an  eruption  of  the  i)orphyry 
of  their  central  portions.  *  *  But  these  mountains,  he  con- 
cludes, "owe  theii  existence,  in  all  probability,  to  a  fold,  the  i)or- 
phyry  of  the  central  portions  being  one  of  the  usual  embedded 
masses  laid  bare  by  subsequent  denudation"  (pp.  160-1  ).t  He 
takes  the  position,  and  repeats  it  many  times,  that  the  so-called 
Animike  slates  are  "  beyond  question,  the  equivalents  of  the  iron- 
bearing  Huronian  of  the  south  shore"  (p.  157). 

Of  the  "  red  rocks "  so  largely  associated  with  the  gabbro  of 
Duluth,  he  says: 

"  They  lie  in  it  very  irregularly,  and  form  nothing  like  distinct 
belts,  so  far  as  I  coidd  make  out.  They  may  be  seen  in  great 
patches  hundreds  of  feet  square,  and  surrounded  on  all  sides  by 
the  gabbro,  and  again,  as  at  the  quarry  near  Bice's  Point,  in  ir- 
regular series,  from  two  or  three  inches  to  several  feet  in  width. 
Much  the  most  abundant  kind  of  these  red  rocks  is  one  which  pre- 
sents macroscopically  a  wholly  crystalline  texture  and  a  pinkish 
color  mottled  with  green.  Pink  feldspar  facets,  now  and  then  stria- 
ted, quartz,  and  a  greenish  mineral,  may  all  be  made  out  with  the 
naked  eye.  Under  the  microscope,  the  rock  is  seen  to  be  chiefly 
composed  of  reddened  orthoclase ;  greenish  hornblende,  quartz  and 
magnetite  are  also  present.  The  quartz  occurs  both  in  quite  large 
patches,  and  again  in  little  strings  running  through  and  through 
the  feldspars,  in  the  usual  manner  of  secondary  quartz.  A  number 
of  these  small  patches  of  quartz  lying  near  each  other  will  polarize 
together,  showing  that  they  are  part  of  one  individual.  Moreover, 
the  same  is  true  of  the  larger  quartz  areas,  and  numbers  of  small 

*On  a  fJTiori  grounds,  one  miffht  expect  unlndlvlduallzed  magma  to  remain  In  sedi- 
mentary  rockn  when  not  completely  changed. 
tSee  detailed  deHcrlptlon,  pp.  209-235. 
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particles  lying  near  them,  so  that  all  of  the  quartz  is  considered  to 
be  secondary.  This  secondary  quartz  is  frequently  scattered 
through  the  feldspars  in  such  a  manner  as  to  present  the  appear- 
ance of  graphic  granite,  and  again  it  is  arranged  in  irregularly 
radiating  lines.  Chlorite  is  often  present  as  an  alteration  product 
of  both  feldspars  and  hornblende.  No  base  finer  than  the  rest  of 
the  rock  was  observed,  so  that  the  name  should  apparently  be 
syenite"  (pp.  270-1). 

Another  variety  of  the  "red  rock"  is  described  as  true  granitic 
porphyry.  A  rarer  variety  is  a  f elsitic  porphyry.  These  are  all 
regarded  as  phases  of  the  same  rock. 

In  describing  the  Animike  rocks  in  the  vicinity  of  Thunder  bay, 
lake  Superior,  he  sums  up  by  saying  that  they  "  consist  of  a  great 
series,  probably  upwards  of  ten  thousand  feet  in  thickness,  of 
quartzites  which  are  often  arenaceous,  quartz-slates,  argillaceous  or 
clay  slates,  magnetic  quartzites  and  sandstones,  thin  limestone 
beds,  and  beds  of  a  cherty  and  jaspery  material,"  (p.  379).  He 
says  also: 

"Logan  moreover!  evidently  took  as  Huronian,  that  part  of  the 
Animike  group  which  ^occupies  the  coast  for  a  distance  of  ten 
miles  immediately  below  the  mouth  of  the  Kamaniatiquia  river, 
on  the  north  side,  leaning  in  a  narrow  strip,  against  the  gneiss  of 
the  older  series,'"  (p.  379). 

The  Animike  rocks  are  confidently  identified  with  the  rocks  of 
the  Penokee  Bange;  but  these  latter,  as  has  been  stated,  were  with 
equal  confidence  identified  with  those  of  the  iron-bearing  series  of 
Marquette.  The  Animike  must  therefore  be  the  equivalent  of  the 
Marquette  rocks.  But  Irving  endeavored  to  trace  some  positive 
resemblances  between  the  Animike  and  the  rocks  of  Marquette; 
but  without  very  convincing  results,  (pp.  385-6). 

At  this  x>oint  the  able  author  is  seen  to  be  on  the  brink  of  a 
broad  fallacious  inference.  He  takes  up  the  consideration  of  the 
"Original  Huronian,"  and  correctly  concludes: 

"  It  appears  to  me  very  probable  that  the  original  Huronian  of 
lake  Huron  and  the  Animike  slates  of  Thunder  bay,  and  thence 
southwestward  to  the  Mississippi  river,  are  one  and  the  same 
formation,"  (p.  390). 

This  was  the  opinion  first  entertained  by  Logan;*  but  he  subse- 
quently associated  those  slates  with  the  overlying  Keweenawan. 
Then,  as  there  was  a  lower,  unconformable  mass  of  slate  conglom- 
erates, he  concluded  to  call  those  Huronian.  lyring,  however, 
while  still  holding  to.  the  Huronian  character  of  the  Animike, 

•Bepart  of  Progress,  Oeol.  Surv.  of  Oaruula,  1844,  p.  29. 
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seems  to  have  disregarded  the  yertioal  slate  conglomerates,  appar- 
ently because  they  graduate  conformably  into  the  crystalline 
schists  and  gneisses,  and  might  be  taken  for  a  portion  of  that  series 
— ^an  unconformability  between  two  systems  supposed  Huronian 
and  Laurentian,  haying  been  noted  at.  Penokee  gap.  Thus  Irving 
held  as  Huronian  what  Logan  held  as  a  part  of  the  Copper-bearing 
series;  and  Logan  came  to  hold  as  Huronian  what  Irving  took  as 
part  of  the  crystalline  schist  series.  But  when  Logan  based  his 
description  on  what  he  now  held  to  be  Huronian  and  Irving  over- 
looked, Irving  thought  them  to  apply  to  the  iron  series  of  Vermil- 
ion lake  (as  they  readily  did),  and  concluded  that  to  be  Huronian, 
though  in  truth  the  rocks  graduated  into  the  crystalline  schists, 
while  what  he  had  rightly  identified  with  Huronian  on  Thunder 
bay,  w^  really  an  overlying  and  discordant  series.  But  that  dis- 
oordance  Irving  had  not  yet  discovered  at  any  actual  juxtaposition, 
and  he  devoted  much  effort  to  showing  how  two  different  forma- 
tions of  different  dip  and  strike,  might,  at  some  former  time,  have 
approached  each  other  with  a  common  dip  and  strike,  (pp.  392-4). 
In  this  state  of  the  facts  professor  Irving  feels  himself  in  a  dilemma 
when  he  reads  Dr.  BelFs  descriptions  of  assumed  Huronian  rocks 
more  remote  from  Thunder  bay,  and  misunderstands  Dr.  Bell  at 
the  same  time,  as  speaking  of  the  rocks  which  Irving  had  correctly 
called  Huronian.  Nevertheless,  Irving  is  able  to  convince  himself 
that  all  the  areas  by  anybody  called  Huronian,  agree  in  such  par- 
ticulars as  to  justify  him  in  sweeping  them  all  into  that  category, 
(p.  395).  Irving  suspects  indeed,  that  two  groups  of  schists  have 
been  confounded  by  the  Canadian  geologists — *' the  iron- bearing 
schists  of  the  Huronian  and  the  schistose  greenish  phase  of  the  older 
gneiss  " — but  he  does  not  suspect  that  he  has  himself  identified  and 
confounded  two  other  systems  which,  unlike  these  groups,  stand  in 
discordant  mineralogical  and  structural  relations  to  each  other. 

1885.  The  overlap  of  professor  Irving's  Keweenawan  studies  on 
systems  of  older  date,  was  the  prelude  to  a  formal  investic^ation  of 
the  Huronian  system  as  a  specialty.  This  was  undertaken  also, 
under  the  auspices  of  the  Government  survey,  and  was  in  progress 
at  the  date  of  his  lamented  death.  But  some  preliminary  papers 
appeared,  from  which  we  may  learn  the  fundamental  positions 
which  he  was  preparing  to  defend.*  In  the  first  memoir,  the  fol- 
lowing areas  of  older  rocks  are  grouped  together  under  the  desig- 
nation Huronian: 

*A  first  paper  entitled  **  Preliminary  Papt*rs  on  an  InveMtigation  of  the  Arohiean 
Formations  of  the  Northwestern  StatOH.**  was  published  In  the  FifUi  AnntuU  Report  of 
the  r.  8.  Oeol.  9urv.,  1885.  pp.  175-242. 
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The  Original  Huronian. 

The  Marquette- Menominee  Iron-bearing  schista. 

The  WiBconsin  Valley  slates. 

The  Penokee-Gogebio  Iron-bearing  schists. 

The  8t  Louis,  [Minn.]  slates. 

The  Chippewa  Valley  quartzites. 

The  Black  Biver  Iron-bearing  schists. 

The  Baraboo  quartzites. 

The  Sioux  quartzites. 

The  Animike  series. 

Folded  schists  of  Canada. 

In  the  progress  of  a  condensed  examination  of  these  eleven  areasr 
professor  Irving  states  more  explicitly,  what  he  intimated  in  his 
previous  memoir,  that  the  so-called  ^'crowning  overflow,"  resting 
on  the  Animike  difFs  of  Thunder  bay  and  the  r^ons  to  the  south- 
west, is  not  to  be  regarded  as  one  final  overflow,  but  a  succession  of 
overflows,  interbedded  in  a  succession  of  slaty  deposits.*  He  op- 
poses sharply  the  position  of  Foster  and  Whitney,  and  later,  of 
Wadsworth,  that  the  iron  deposits  and  associated  jaspers  are  of 
eruptive  origin  (p.  192).  The  folded  schists  north  and  east  of  lake 
Superior,  described  by  the  Canadian  geologists,  since  1863,  as  Hu- 
ronian,  are  admitted,  at  least  some  of  them,  in  that  system,  but 
he  says: 

''We  are  immediately  confronted  with  a  structural  problem  of  a 
good  deal  of  difficulty,  t.  e.,  the  relation  of  these  folded  schists  to 
the  unfolded  Animike  series.  Generally  as  the  Animike  series  is 
traced  toward  its  northern  border,  it  is  found  to  lie  against  a  belt 
of  granite  and  gneis&  This  is  so  along  the  shore  of  Thunder  bay, 
and  thence  westward  to  Gunflint  lake,  and  it  is  true  again  at  the 
Mesabi  Bange  and  Pokegama  falls  district,  in  Minnesota.  North 
of  this  belt  of  granite,  comes  the  belt  of  folded  schists.  The  ap- 
pearance thus  presented  is  at  first  sights  one  of  general  unconformity 
between  the  fiat-lying  Animike  and  an  older  series  including 
gneiss  and  older  folded  schists." 

This  state  of  facts  was  in  direct  confiict  with  his  theory  that  the 
Animike  and  the  folded  (vertical)  schists  are  one.  The  reconcilia- 
tion of  the  facts  and  the  theory  occupied  his  earnest  attention.  A 
hypothesis  was  proposed  for  this  purposcf  He  supposes  'that 
the  Animike  rocks  were  once  continuous  with  tha  folded  schists  to 
the  north  of  them,  and  that  they  are  now  separated  merely  because 

*P.  203.  See  also,  Fifth  Annual  Report^  p.  382.  The  "crowning  overflow"  is  now  dis- 
credited by  the  present  Director  of  the  Canadian  Survey— 8cfenee,  il,  p.  87&,  1884. 

tITiinI  Annual  Report,  Wiaconain  Gtol,  Surr..  p.  171;  Monographs  U,  S.  Geol.  Surv.^  vol.  v. 
pp.  399.  417;  Fifth  Annual  Report,  p.  206. 
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of  the  erosion  of  the  crowns  of  the  folds  between  them,  the  close 
folding  of  the  folded  schists  being  supposed,  on  this  view,  to  have 
been  produced  concomitantly  with  the  broad  simple  bend  which 
forms  the  trough  of  lake  Superior.  On  this  supposition,  the  un- 
folded schists  of  the  north  shore  are  compared  with  the  unfolded 
Penokee  of  the  south  shore;  and  the  folded  schists  of  the  national 
boundary,  with  the  folded  schists  of  the  Marquette  and  Menominee 
regions.  All  are  supposed  to  represent  a  great  sheet  of  Huronian 
deposits  once  continuously  spread  upon  a  floor  of  far  older  gneisses 
and  schists,  which  have  since  been  brought  to  view  by  folding  and 
denudation."* 

Some  little  support  for  this  not  impossible  hypothesis,  was 
gathered  from  the  fact,  that  in  one  region,  where  the  horizontal 
and  vertical  schists  were  separated  by  only  a  few  miles,  the  hor- 
izontal schists  acquired  considerable  dip.  In  some  localities,  as 
shown  by  N.  H.  Winchell,  they  became  irregular  in  dip,  and  man- 
ifestly disturbed.  ^  But  professor  Irving  was  never  able  to  proceed 

further.t 

In  the  sequel  of  this  memoir,  the  author  presents  other  results 
of  studies  upon  his  general  problem,  and  among  them  are  interest- 
ing facts  respecting  enlargements  of  quartz  fragments  (pp.  229- 
230);  and  these  lead  him  to  an  explanation  of  so-called  "crystalline 
sandstones",  (p.  219)^  A  final  conclusion  from  these  studies  is 
''that  all  of  the  quartzites  marked  provisionally  as  Huronian 
on  the  accompanying  map,  including  the  type  Huronian  of  lake 
Huron,  are  merely  sandstones  which  have  received  various  degrees 
of  induration  by  the  interstitial  deposition  of  a  silicious  cement 
which  has  generally  taken  the  form  of  enlargements  of  the  original 
quartz  fragments,  less  commonly,  of  minute,  indepe jdently  oriented 
areas,  and  still  less  commonly,  of  an  amorphous  or  chalcedonic 
silica,  two  or  even  three  forms  of  the  cementing  silica  occurring 
at  times  together  in  the  same  rock"  (p.  236). 

*Flfth  Annual  Repcrt,  U.  S,  Oeal.  Surv.,  pp.  206-207. 

tXbe  writer  will  here  state  that  the  Minnesota  Survey  has  shown  that  the  disturb- 
ances referred  to  (east  of  Oglshkemuncie  lake)  are  very  local,   and  the  horizontal 
scbiBts  north  of  Ounfllnt  lake  are  not  separated  from  the  vertical  by  a  gnelsslc  inter* 
poBltlon»  but  rest  in  very  discordant  contact  upon  tbem.    No  more  speculation  Is 
necessary. 

Professor  Irving  read  a  paper  before  the  NalionaL  Academy,  Apr.  22,  lfl87,  which  was 
published  In  Amer,  Jour,  Sci.,  Ill,  xxzlv,  201-216;  240-263;  363-374,  entitled,  *'Have  We  a 
Huronian  Oroup?'*  This  was  chiefly  an  occasion  for  restating  the  views  presented  in 
the  paper  here  noticed,  and  for  a  final  effort  to  elucidate  his  hypothesis  for  the 
synchronization  of  the  Anlmlke  and  the  older  schists  now  known  as  Kewatlo.  This 
paper  has  been  noticed  by  me  in  BuU.  Oeol.  8oe.  Amer.,  I.  p.  387. 

tThesubjeothasbeenmorefully  treated  In  Bulletin  U.  S.  Otol.  Surv.,  No.  8,  1884,  by 
R.  D.  Irving  and  O.  K.  VanHlse. 

Such  enlargements  In  ''Hornblendes  and  Augltes'*  have  subsequently  been  described 
by  professor  O.  R.  VanHlse,  Amer.  Jour.  Sc(.  III.  xxxlil,  385-388, 1887. 
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The  sab J8ct  of  enlargements  of  feldspar  fragments  is  similarly 
discussed  and  the  facts  established. 

A  final  oonolasion  from  all  the  facts  is  that  the  most  of  the  rocks 
generally  styled  Horonian  do  not  properly  fall  nnder  the  head  of 
metamorphic  rocks. 

These  inferences  are  carried  farther  in  the  important  Balletin 
cited  above. 

1888.  The  last  important  memoir  from  Professor  Irving's  pen 
is  a  compilation  of  fandamental  principles  to  be  employed  in  the 
classification  of  nnfossiliferous  rocks.* 

Of  this  the  author  says:    "Beyond  many  of  the  facts  cited  in 
illustration,  and  the  mode  of  presentation,  the  paper  does  not  con- 
tain yery  much  that  is  new  or  original."    It  nevertheless  presents 
a  convenient  synopsis  of  principles,  and  shows  a  mature  mastery 
of  the  subject.    For  the  present  purpose  a  few  quotations  of  new 
or  maturing  views  on  certain  points,  will  suffice.    Speaking  of  the 
green  schists  which  with  more  or  less  of  mica  schists  and  other 
later  rocks  has  been  marked  as  Huronian  for  the  entire  region 
north  of  lake  Superior  by  the  Canadian  survey,  he  says  they  are 
not  separated  from  the  Laurentian  by  any  unconformity.    There- 
fore, "  The  name  Huronian  belongs  to  an  entirely  different  group."t 
In  attempting  to  illustrate  the  structural  relation  of  the  Animike 
series  to  the  underlying  schists,  he  presents  (p.  421)  a  diagram 
section  across  Ganflint  lake,  which  sets  forth  the  observed  facts 
with  sufficient  accuracy.    But  his  interpretation  of  the  fact  seems 
to  be  erroneous.    He  says  the  Animike  abuts  ^'against  an  older 
formation  of  granite  and  schists,"  and  he  says  too,  ''the  iron-bear- 
ing horizon  at  the  base  of  this  succession  [the  Animike]  is  litho- 
logically  identical  with  that  of  th^  Penokee  series  of  northern  Wis- 
consin and  Michigan."    So  far  he  is  perhaps,  right — but,  with  the 
imderstanding  that  the  ''granite"  [gneiss]  is  quite  removed  from 
the  contact  with  the  Animike,  and  that  the  "schists"  at  the  contact 
are  not  the  usual  crystalline  schists  which  succeed  the  gneiss  and 
granite,  but  hold  a  position  superior  to  them,  in  the  same  vicinity. 
Professor  living's  misconception  consisted  in  regarding  those  ver- 
tical "schists"  as  part  of  the  series  of  crystalline  schists,  and  in 
conceiving  them  as  different  from  the  vertical  schists  which  inclose 
the  iron  ores  at  Vermilion  lake.      Identifying  these,  vertically- 
standing  ore  beds  with  those  in  the  flat-lying  Animike,  he  makes 

***On  the  Olasslflcatlon  of  the  Early  Cambrian  and  Pre-Cambrtan  Formations.  A 
brief  Discussion  of  Principles,  Illustrated  by  examples  drawn  mainly  from  the  Lake 
Superior  Region/'    Seventh  AnnuaX  Report  U.  S.  Geol.  Surv.«  1888,  pp.  363-454. 

t  Yet  this  is  precisely  the  group  which  in  the  Vermilion  region  of  Minnesota,  profes- 
sor Irving  calls  Huronian 
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an  ansuocessful  attempt  to  represent  them  as  '*flat-lying/'  like  the 
Animike  ores  at  Gunflint  lake*     (p.  421). 

Professor  Irving  insisted  on  a  "structural  unconformity  between 
the  Huronian  and  Laurentian."  He  makes  numerous  references 
to  Sir  William  Logan's  utterances  on  the  subject,  and  though  they 
are  strikingly  self-contradictory^  Irving  asserts,  they  ''show  cer- 
tainly his  full  belief  in  such  unconformity''  (p.  430).  This  oonfus- 
ion  on  Logan's  part,  and  misapprehension  on  Irving's,  arise  from 
their  common  error  in  applying  the  name  Huronian  to  two  different 
systems,  and  Irving's  supposition  that  the  Penokee  Huronian — 
rightly  identified  with  the  original  Huronian — is  the  same  as  Lo- 
gan's "Lake  Superior  Huronian." 

In  discussing  the  tazonomic  exhibit  which  he  gives  of  the  older 
rocks  (pp.  440-441)  he  says: 

"At  the  base  of  the  succession  is  a  series  composed  of  gneiss  and 
granitic  rocks,  with  also  a  large  development  of  schists.  The 
granite  is  certainly  in  the  main  eruptive.  The  schists  are  very 
largely  compressed  eruptives,  but  also  in  part  of  sedimentary 
origin"  (p.  442).  This  view  may  be  compared  with  those  given, 
ant6,  p.  197. 

But  of  the  mica  schists  or  mica  slates  described  as  holding  a  po- 
sition near  the  top  of  the  Marquette  iron  series,  he  says: 

"Our  own  microscopical  studies  of  them  have  demonstrated  their 
derivation  by  mere  metasomatic  changes,  from  rocks  wholly  of  de- 
trital  origin,  the  fragmental  character  frequently  being  well  pre- 
served, even  to  the  naked  eye,  while  large  portions  of  the  same 
horizon  show  little  change  from  the  original  fragmental  conditions." 

(p.  386.)t 

As  the  outcome  of  the  entire  discussion,  professor  Irving  pre- 
sents the  follow! ngtaxonomic  suggestion  (p.  454): 

Systems,  Oronps.  Systems, 

•  '  Carboniferous,  ^ 

?•'«-»'«•    isr.? 

1^  Cambrian. 
Agnotozoic     ( Keweenawan, 

or  I  Huronian, 

EparchsBan.    |  (Other  ^oups?) 
ArohiBBn.        I  La«enban(mclading  upper  Laur- 1  ^^^^^^ 

*  Ills  diagram  attempting  tills  is  in  Atner.  Jour.  Sci.,  III.  xxxiy,  p.  23d. 

tBttch  micaceous  Hchists  are  wiiat the  writer,  in  the  Fifteenth  and  Slxteoruh  Minne- 
sota I{<^o'irt«.  Iiji.-.  "it  vio'l  "nn^cM'nt  mien  <«'ltUT».."' 


>■  Paleozoic. 
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Andrew  C.  Lawson. 

1S86.  In  his  description  and  estimate  of  the  rocks  in  the  vicin- 
ity of  the  Lake  of  the  Woods,*  Dr.  Lawson  assumed  positions  of 
such  originality  and  boldness  as  to  entitle  his  contributions  to 
an  important  place  in  this  sketch  of  opinions  concerning  the  older 
rocks  of  America. 

The  schists  in  the  vicinity  of  the  Lake  of  the  Woods  had  been 
noticed  by  Bigsby  and  the  other  early  explorers.  By  Bell,  they 
had  been  designated  Huronian,  from  their  resemblance,  undoubt- 
edly, to  the  schists  misnamed  Hnronian,  on  the  north  and  east  of 
lake  Superior.f  Dr.  G.  M^  Dawson  first  remarked  the  apparent 
Tolcanic  origin  of  a  large  part  of  the  "Huronian"  ;|;rock8. 

Dr.  Lawson  is  not  satisfied  to  embrace  all  the  older  sohists  in 
the  Huronian.§    He  says: 

"The  schistose  belt  of  the  Lake  of  the  Woods  appears  to  me  to 
differ  from  the  typical  Huronian  of  Sir  William  Logan  both  litho- 
logically  and  in  other  respects.  The  typical  Huronian  of  Logan 
is,  from  his  description  of  it,  essentially  a  quartzite  series,  in  which 
the  quartzites  are  true  indurated  sandstones.  The  schistose  belt 
of  the  Lake  of  the  Woods  is  not  so  characterized.  Quartzites  form 
an  extremely  small  proportion  of  the  rocks  of  the  Lake  of  the 
Woods,  and  then  they  are  only  local  developments  in  formations 
of  mica  schist  and  f  elsite  schist.  Bedded  limestones  are  character- 
istic of  Logan's  typical  series.  On  the  Lake  of  the  Woods,  there 
are,  so  far  as  I  have  been  able  to  determine,  no  bedded  limestones, 
the  nearest  approach  to  them  being  small  segregated  bands  of 
dolomite  of  the  character  of  veinstones.  These  two  differences 
alone  are  sufficient  to  throw  doubt  on  the  equivalence  of  the  two 
series,  if  lithological  character  is  to  be  regarded  as  an  aid  to  geo- 
logical classification.  There  are,  however,  other  differences.  The 
basal  conglomerate  of  Logan's  Huronian,  on  Lake  Temiscan^g, 

^Report  ou  the  g(  ology  of  the  Lake  of  the  Woods  region,  with  special  reference  to 
the  Keewatln  (lluroniau?)  belt  of  the  Archean  Rocks.  By  Andrew  O.  Lawaon,  M.  A. 
Oeoloaicaland  Natural  Hiatory  survey  of  Canada.  Annual  report  (new  series).  Vol.  1, 1885, 
Montreal,  1886. 

tR.  Bell,  Ann.  Rep.  Canada,  1872-a,  pp.  91-105;  1873-4,  pp.  88-89.  Also,  and  more  In  de- 
tail, 1880-2,  pp.  12-150. 

tQ.  M.  Dawson,  Geology  and  resources  of  the  region  in  the  vicinit^of  the  forty-ninth 
parallel,  1875. 

SThe  same  dissent  was  expressed  by  the  writer  in  a  paper  on  "TheHuroniAo  System." 
presented  to  the  Amer.  Atsoc.^  New  York,  1887;  in  one  entitled.  Systematic  Besolts  of 
a  Field  Study  of  the  Archaaan  Bocks  of  the  Northwest,  Proc.  Amer.  Auoc.,  OlevelaDd, 
1888,  p.  205-6;  a  paper  on  The  Geological  Position  of  the  Oglshke  Oonglomerate,  Froc- 
Amer.  Anoc,,  Toronto.  1839,  pp.  231-5  and  Two  Systems  confounded  in  the  Haronlan. 
Amer.  OtoL  iii,  212-14,  March,  1889.  See  similar  views  embodied  In  a  paper  by  N.  H.  and 
H.  V.  Winohell,  Proc.  Amer.  Assoc.  Toronto,  1889,  pp.  235-242. 
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is  described  as  holding  pebbles  and  boulders,  sometimes  a  foot  in 
diameter,  of  the  subjacent  gneiss,  from  which  they  appear  to  be 
derived.  The  boulders  display  red  orthoclase  feldspar,  translu- 
cent colorless  quartz,  green  hornblende  and  brownish  black  mica 
arranged  in  parallel  layers,  which  have  a  direction  according  to 
the  attitude  in  which  the  boulders  were  accidentally  inclosed.  The 
rocks  on  the  Lake  of  the  Woods,  which  are  in  the  following  pages 
referred  to  as  agglomerate  schists,  are  not  basal  conglomerates. 
They  are  not  at  the  base  of  the  series  included  in  the  schistose 
belt,  nor  are  they  apparently  composed  of  water- worn  fragments, 
derived  from  the  rocks  upon  which  they  rest. 

"No  fragments  that  can  be  referred  to  Ihe  underlying  granitoid 
gneisses  are  found  included  in  the  agglomerate  schists  of  the  Lake 
of  the  Woods.  All  the  facts  connected  with  them  point  to  a  volcanic 
origin  for  these  agglomerates,  and  the  fragments  are  very  fre- 
quently sharply  angular,  often  with  re-entering  angles,  although 
for  the  most  part,  they  are  elongatad  and  lenticular  in  shape,  as  a 
result  of  pressure,  and  the  paste  in  which  they  are  imbedded  does 
not  differ  from  them  materially,  as  a  rule.  In  rare  instances, 
they  pass  into  a  pebble  or  bouldeivconglomerate,  in  which  the  peb- 
bles are  usually  of  a  reddish  felsitic  material,  and  indicate  the 
coexistence  of  aqueous  with  volcanic  deposition." 

''The  'green  slate  rock'  conglomerates  at  the  mouth  of  the  Dor^ 
river,  lake  Superior,  described  by  Sir  W.  Logan,  supposed  by  him 
to  be  equivalent  to  the  rocks  of  his  main  Huronian  area,  appear  to 
resemble  the  agglomerate  schists  of  the  Lake  of  the  Woods.  This 
Dor^  river  area  of  'green  slate  rocks,'  is  however  geographically  dis- 
tinct, and  appears  to  differ  from  the  series  in  the  typical  Huronian 
region .  The  rocks  are  described  as  standing  in  a  nearly  vertical 
attitude,  while  those  of  the  latter  are  comparatively  flat.  Neither 
are  they  associated  with  beds  of  quartzites  or  limestones  te  a 
material  extent  Those  differences,  with  the  geographical  separa- 
tion, may,  I  believe,  warrant  us  in  considering  the  possibility  of 
Logan  having  placed  under  one  designation,  two  distinct  series." 

Other  and  good  reasons  are  given  for  the  opinions  here  set  forth, 
but  we  must  forbear  to  cite  further. 

"  While  thus  the  schists  of  the  Lake  of  the  Woods  are  older  than 
the  epoch  of  folding,  and  older  than  the  granites  which  are  intrud- 
ed through  them,  Logan's  typical  Huronian  has  come  into  existence 
later  than  the  time  of  folding  of  the  gneiss,  and  possibly  also,  later 
than  the  main  period  of  granitic  irruption." 

He  refers  to  Irving's  conclusions  as  supporting  his  own  view. 
Citing  Irving's  full  identification  of  the  Animike  series  of  Thunder 
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bay  with  the  typical  Huronian,  and  his  view  of  the  apparent  equiv- 
alence of  each  with  the  Marquette,  MeDominee  and  Penokee- 
Gogebic  series,  he  asks: 

''If  then,  the  Animike  and  Huroniau  are  identical,  as  Logan 
himself  believed,  as  regards  a  portion,  at  least,  of  the  Animike, 
what  are  the  relations  of  the  folded  schists  of  the  Lake  of  the 
Woods  to  that  flat-lying  series?  Professor  Irving  has  expressed 
the  opinion  'that  both  the  flat-lying  Animike  slates  and  the  more 
northern,  folded,  iron-bearing  schists  are  Huronian,'  and  gives  a 
diagram  to  show  the  hypothetical  identity  of  the  folded  and  un- 
folded series  on  either  side  of  the  Mesabi  range  of  granite  and 
gneiss"  (See  ant6,  p.  203). 

''The  folded  schists  to  the  northwest,  however,  so  far  as  the  Lake 
of  the  Woods  series  teaches,  are  as  different  from  the  Animike  as 
they  are  from  the  typical  Huronian,  and  were  probably  folded  with 
the  gneisses,  before  the  Animike  rocks  existed  as  such.  The 
Animike  series  rests,  apparently,  on  granite,  along  part  of  its 
western  confines.  The  granite  of  the  region  appears,  as  is  known 
to  have  been  the  case  on  the  Lake  of  the  Woods,  and  has  been  more 
recently  determined  to  be  true  also  for  Bainy  lake,  to  be  of  later 
origin  than  the  folded  schists*.  Hence,  in  the  superposition  of 
the  Animike  rocks  upon  the  granite,  we  have,again,  a  sharp  distinc- 
tion in  geological  time,  between  the  Animike  (Huronian?)  and  the 
folded  schists  to  the  west,  as  represented  by  the  Lake  of  the  Woods 
series." 

Dr.  Lawson  thinks,  in  this  view  of  the  facts,  '*it  is  expedient 
that  this  series  of  rocks  should  receive  a  convenient  name  which  shall 
be  non-committal  as  to  geological  relations,  and  which  may  be 
used  provisionally,  till  such  time  as  those  relations  are  established 
beyond  question.  The  most  appropriate  name  for  the  series  that 
suggests  itself  to  me  is  Keewatin  [Ke^wayMn'l,  the  Indian  name 
for  Northwest,  or  the  Northwest  wind,  which  has  been  applied  to 
the  district  within  which  the  rocks  occur."t 

*Thi8  view  of  the  relative  age  of  the  granites  and  the  schists  has  been  more  particular- 
ly argued  by  Dr.  Lawson,  In  ^mer.  Jour.  Sei,  III.  xxxUl,  473-480.  Although  the  author 
speaks  with  confidence,  the  reader  will  not  understand  that  the  doctrine  Is  established 
in  the  sense  here  conveyed. 

iKeewalin  as  a  Chlppewayan  term,  has  no  authorized  orthography.  The  sounds  are 
represented  in  dlfiPerent  European  languages,  according  to  the  powers  of  the  letters  of 
those  languages.  It  is  doubtful  whether  the  usage  of  the  English  language  has  a 
paramount  right  to  Impose  a  fixed  form  for  universal  acceptance  on  any  Indian 
vocable,  especially,  when  it  is  a  term  proposed  for  introduction  Into  the  universal 
language  of  geology.  This  diversity  in  the  powers  of  letters  in  difiPerent  languages, 
led  Americanists  long  since,  to  the  adoption  of  certain  rules  for  the  spelling  of  Indian 
names.  The  alphabet  of  Dr.  Oeorge  Gibbs,  the  recognized  pioneer  in  American 
linguistics,  was  adopted  by  the  Smithsonian  Institution,  and  published  with  its  sanc> 
tion,  in  No.  160  of  Smithsonian  Miscellaneous  Collections,  18(16.    The  rules  thus  pro- 
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Coming  to  a  geological  description  of  the  region,  the  author 
dwells  apon  the  existence  of  great  pre-glaoial  denudation;  bat  in  a 
later  memoir,  this  subject  is  treated  more  at  length. 

To  the  gneissic  and  granitic  rocks  he  ascribes  an  origin  from 
molten  material.  He  states  that  the  non-orthoclastic  constituents 
of  the  gneiss  possess  ''a  distinct  flowed  structure."  The  gneisses, 
he  says,  too,  show  a  "passage  into  granites  devoid  of  foliation"  (p. 
29).    Of  one  of  the  granites  he  says: 

"This  rock,  characteristically  granitic  in  its  nature,  may  be  traced 
eastward  over  a  comparatively  bare  country,  and  be  seen  to  assume 
gradually,  by  transitions  scarcely  perceptible,  a  gneissic  arrange- 
ment of  the  crystals,  till  at  last,  on  the  shores  of  Long  lake,  it 
presents  a  quite  distinctly  gneissic  foliation"  (p.  80). 

A  group  of  rocks  of  great  importance  but  very  obscure  nature, 
is  described  as  "agglomerates,  tuffs  and  boulder  conglomerates." 
The  character  which  they  present  he  considers  due  to  "an  ex- 
tremely rapid  process  of  deposition  of  intimately  associated  and 
often*  alternating,  volcanic  ejectamenta,  (both  flows  and  tuffs) 
and  aqueous  sedimentation,  the  material  for  which  was  derived 
partly  from  the  volcanic  products,  and  partly  from  the  more 
silicious  or  acidic  rocks  which  seem  to  have  constituted  the  or- 
iginal floor  of  the  trough"  (p.  49).* 

Further  of  the  constitution  of  the  agglomerates,  he  says: 

"The  included  fragments  of  the  agglomerates  are  nearly  always 
more  or  less  flattened  or  lens-shape,  the  greatest  planes  in  the 
fragments  being  parallel  with  the  planes  of  schistosity,  which  are 
in  the  great  majority  of  cases  observably  identical  with  those  of 
the  bedding"  (pp.  49-50). 

The  forms  of  the  fragments  are  attributed  to  pressure.  The 
agglomerates  are  said  to  pass,  sometimes,  into  mica  schists;  and  he 
says  it  is  "not  uncommon  to  find  in  these  mica  schists,  a  small 
proportion  of  feldspar,  which  gives  them  the  character  of  finely 
laminated  gneisses,  in  places." 

malgatod  have  been  followed  la  the  various  publications  of  vocabularies  made  by  the 
U.  S.  Department  of  Ethnology.  (Sec,  fur  Instance,  O^ntrlbutlons  to  North  American 
Ethnology,  vol.  i.  p.  243,  1877,  and  Hi,  p.  443. 1877).  Under  these  rules,  the  vocable  Ke- 
t<7a{/-£(asboald  be  written  fiC^u;;-t{n;  as  the  vocable  K^vo&-naw  would  be  written  Kir 
vjUna,  But  should  it  bo  considered  too  late  to  adopt  the  Smithsonian  orthography  of 
these  words,  there  certainly  is  no  English  reason  for  Inserting  duplicated  "e",  as  in 
Ketwalin  ii,n^  KtiiDunaw  {vthy  ixi'it  KtttoufWLwl).  The  least  concession  to  the  demands 
of  simplicity  and  good  orthographic  reason,  should  prompt  a  user  of  t^e  English 
language  to  write  KewcUin  and  Kewenaw.  For  similar  reasons,  we  should  write 
AnimOce.  not  Animikie  or  Animike ;  Ke-kcHpusrhtc,  not  Karkorqud-bic.  Also,  Cmtchiching, 
not  Coutchiching. 

*A8lmllar  view  of  the  nature  of  the  ''dlabaslc  schists"  of  Minnesota  has  been  set 
forth  by  H.  V.  Wlnchell,  in  the  American  Geotayist,  ill,  pp.  18-22.  Jan.  1880. 
-16 
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Thus,  sinoe  the  gneiss  gradaates  into  granite,  he  disoovers  a  min- 
eralogical  gradaation  between  mica  schist  and  granite.* 

Partioolar  attention  is  devoted  to  the  relations  of  the  gneisses 
with  the  associated  schists.  "The  gneiss",  he  says,  ''in  some  places, 
holds  large  and  small  angalar  fragments  of  hornblende  schist  .  . 
The  planes  of  lamination  of  the  schist  and  foliation  of  the  gneiss 
are  parallel,  though  there  are  unmistakable  evidences  that  the 
contact  is  an  igneous  one,  and  that  when  there  is  a  mixed  alterna- 
tion of  gneiss  and  schist,  the  former  has  been  injected  within  the 
latter  [italics  are  the  compiler's].  This  mixture  of  gneiss  and 
schist,  with  occasional  short  broken  bands  nnd  fragments  of  schist 
included  within  the  gneiss,  occur  at  intervals  along  the  shore  of 
Darlington  bay"  (p.  64). 

In  another  place,  he  sx)eaks  of  "dykes  and  gneiss"  cutting  the 
schists,  and  presenting;  the  appearance  of  "evenly  intercalated 
beds"  (p.  72).  As  we  approach  thegreatgneissic  area,  these  inter- 
calations become  more  frequent.  At  the  junr^tion  between  the 
gneiss  and  schists,  there  is  "no  sharply  defined  line  of  contact,  bat 
a  transitional  series  of  layers  of  alternate  gneiss  and  schist** 
(p.  72). 

He  gives  figures  of  such  alternations,  and  says: 

"The  two  rocks  [are]  apparently  interbedded  as  a  transitional 
alternation,  but  the  gneiss  [is]  in  reality  intruded."  In  one  place 
he  enumerates  sixteen  alternations  of  gneiss  and  hornblende 
schist,  "some  of  the  gneissic  beds  being  as  thin  as  four  inches,  six 
inches,  eight  inches  and  one  foot,  with  intervening  schistic  beds 
as  low  as  eight,  twelve  and  fifteen  inches,  all  regular  and  bed-like 
in  their  characters;"  "but  their  true  nature,"  he  says,  "as  injected 
sheets  or  dykes,  is  sufficiently  revealed."  This  opinion  seems  to 
be  rested  on  the  facts  that  occasionally  a  bed  of  gneiss  sends 
"irregular  tongues"  into  the  schists,  or  includes  "fragments  of  the 
schist  walls."t 

The  plutonic  view  is  defended  by  the  author  with  unmistakable 
ability,  (p.  83,  etc);  but  we  have  not  the  Hpace  for  adequate  cita^ 
tions.  The  Kewatin  is  held,  with  reserve,  to  be  structurally  con- 
formable with  the  Lanrentian;  but  at  the  same  time,  it  is  presum- 
able that  a  real  historic  break  separates  them. 

^Nevertheless,  so  far  as  the  writer  can  ascertain,  he  regards  the  Kewatin  as  embrao> 
Ing  all  thojocks  down  to  the  gneiss,  where,  for  the  reasons  given,  he  dlscovera  evi- 
dences of  a  very  different  sort  of  geologic  agency. 

tSlmllar  relations  of  gneiss  and  contiguous  schists  are  described  in  the  V^fteenlh  and 
Siaieenth  Annual  Reports  of  Minnesota:  but  a  different  Interpretation  is  put  upon  the 
gneissic  beds.  See  also  the  writer's  memoir  in  Bull.  Otog,  Soc,  Amar,,  pp.  a57-aM> 
Apr.,  1800. 
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As  to  the  general  straoture  of  the  region,  he  says: 

"The  granitio  intrasions  of  the  area  of  the  Lake  of  the  Woods 
may  be  grouped  under  ten  main  centres  of  ocoarrenoe  or  distribu- 
tion, with  a  numbeif  of  bosses  of  minor  importance,  which  appear 
to  be  independent  of  these." 

These  areas  are  regarded  as  so  many  outbursts  through  the  over* 
lying  Kewatin  and  are  therefore  of  later  age.  The  granitio 
masses  have  a  definite  relation  to  the  stratigraphical  structure,  and 
seem  to  lie  in  the  lines  of  folding,  and  to  have  been  affected  by 
the  same  cause  as  produced  the  folding  (pp.  100,  101). 

Of  the  Kewatin  series  he  enumerates  and  describes  the  follow- 
ing members: 

'^Granitoid  rocks  at  either  extrema 

"Hornblende  schists  with  associated  altered  traps,  the  whole 
more  or  less  chloritic. 

"Agglomerate  schists,  varying  in  character  from  greenstones  to 
micaceous  or  gneissic  schists. 

"Quartzose  mica  schist,  sometimes  gneissic,  but  lamination  very 
even. 

"Hydromicaceous  and  chloritic  schists,  and  arenaceous  slates. 

"Granite  (irruptive)." 

1887.  In  continuation  of  the  results  of  his  studies  in  the  Cana- 
dian Northwest,  Dr.  Lawson  gave  a  preliminary  account  of  the 
geology  of  the  Bainy  lake  region.*  This  region  geologically  is 
a  continuation  of  that  of  the  Lake  of  the  Woods.  He  here  brings 
out  more  expressly  his  belief  that  the  granitic  and  gneissic  rocks 
are  younger  in  respect  to  the  conditions  in  which  we  know  them, 
than  are  the  crystalline  and  semi-crystalline  schists.  He  says 
truly: 

"We  do  not  yet  know  their  original  condition  prior  to  the  fusion 
from  which  they  solidified  into  granites,  syenites  and  gneisses. 
They  may  have  been  sedimentary;  they  may  have  been  the  original 
crust  of  the  earth.  But  whatever  may  have  been  that  original  con- 
dition, the  evidence  is  clear  on  this  point,  viz:  that  the  fusion  and 
solidification  whereby  they  were  brought  into  their  present  con 
dition  as  firm  crystalline  rocks,  took  place  at  a  x>eriod  subsequent 
to  the  existence,  in  a  hard,  brittle  condition,  of  the  stratiform,  and 
often  very  distinctly  clastic,  rocks  which  occupy  the  higher  place 
in  the  column.  Therefore,  as  rocks,  the  members  of  this  fund- 
amental system  are  of  younger  age  than  those  of  the  nearest 
overlying  formations." 

But  he  draws  the  line  of  distinction  between  igneous  and  sedi- 

•Ama-,  Jaiur.  Sei,,  III,  xxxili,  473-480,  June.  1887. 
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mentary  rocks  at  the  crystalline  schists.  He  includes  here  certain 
fine-grained,  bedded  rocks  for  which  he  proposes  the  term  ^'granti^ 
lite  gneiss^*  The  schists  generally  known  as  crystalline  schists, 
occupying  a  position  between  the  gneisses  and  the  semi-crystalline 
schists,  are  here  separated  from  the  latter,  and  receive  the  name, 
"Coutchiching  series."t 
He  says  of  them : 

"They  are  very  sharply  and  distinctly  marked  off  from  the  lower 
granites  and  gneisses  of  the  Laurentian.  The  geological  contact 
between  the  Coutchiching  series  and  the  Laurentian  is  one  of  neither 
conformity  nor  unconformity.  The  break  is  of  an  entirely  different 
order,  and  the  contact  is  eminently  that  of  an  igneous  injection  or 
intrusion  of  the  lower  through  the  upper  rocks"  (p.  4/7), 

The  overlying  [Kewatin]  schists  are  "of  entirely  different 
character."  The  rocks  are  for  the  greater  part  "of  volcanic  origin ' 
Though  structurally  conformable  with  the  Couchiching  series,  the 
appearance  of  parallelism  may  be  the  result  of  folding  and  pressure. 
The  diverse  character  of  the  rocks  of  the  two  series  is  proof  of  a 
profound  alteration  in  the  conditions  of  rock  formation,  which 
implies  a  geological  break. 

Begarding  the  systems  in  order  of  superposition,  he  arranges 
them  thus: 

Kewenawan  (Nipigon). 
Huronian  (Animike). 
Kewatin. 
Couchiching. 
Laurentian. 
But  regarding  them  in  the  order  of  age,  they  would  stand  thus: 
Kewenawan  (Nipigon). 
Huronian  (Animike). 

Diabase  dykes  and  gabbro. 
Granite,  post-Laurentian. 
Laurentian. 
Kewatin. 
Couchiching 
1688.    Dr.  Lawson's  final  report  on  the  geology  of  Bainy  lake 
region  appeared  in  1888. |    This  thoroughly  scientific  memoir,  in 
the  discussion  of  doctrines,  is  devoted  rather  to  the  strengthening 

*Tbis  oonvenient  and  appropriate  term  has  been  used  many  years  by  the  present 
writer.  This,  as  also  "granullte  schist,"  are  given  In  his  "Geological  Studies,"  pp  61 
74,  76,  etc,  1886. 

tBetter  Couchiching,  for  reasons  stated  above. 

tOeological  and  Natural  ni8t4}ry  Survey  of  Canada.    Annual  Report  (New  Series),  vol 
ill,  Part  I,  pp.  182,  with  a  map. 
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of  positioos  previously  assumed  than  to  the  elimination  of  new 
views,  and  thus,  in  spite  of  its  value,  does  not  seem  to  demand  more 
than  the  citation  of  a  few  passages.  Among  the  facts  however* 
which  possess  greatest  interest,  are  some  occurrences  of  a  conglom- 
erate which,  as  nearly  as  may  be  judged,  is  an  extension  of  the 
Ogishke  conglomerate  of  Minnesota. 

"On  the  shores  of  Bat-Boot  bay,  the  basal  beds  of  the  Keewatin 
are  pebble-conglomerates,  of  which  the  paste  is  a  green  schist,  and 
the  pebbles  mostly  water-worn,  rounded  or  oval  pieces  of  vitreous 
or  saccharoidal  quartz.  Some  of  the  pebbles  are  feldspathic,  and 
when  so,  are  occasionally  foliated.  On  the  south  shore  of  the  bay, 
boulders  of  granite  are  observed  to  form  part  of  the  conglomerate, 
one  boulder  being  at  least  eighteen  inches  in  diameter,  and  of  a 
roughly  rounded  shape"  (pp.  38,  82,  105). 

Again  on  Grassy  lake,  the  basal  beds  of  the  Kewatin  "are  fissile, 
soft,  green-chloritic  and  hornbleudic  schists,  the  detrital  origin  of 
which  is  established  by  the  fact  that  on  the  north  side  of  the  lake, 
they  constitute  the  paste  of  a  pebble-and- boulder-conglomerate" 
(pp.  55, 82).  This  conglomerate  is  much  more  voluminous  on  the 
north  side  of  Shoal  lake. 

Among  the  soft  fissile,  glossy  gray  schists  of  the  Kewatin  series 
at  the  west  end  of  Schist  lake,  there  are  several  beds  of  conglom- 
erate, the  pebbles  of  which  are  mostly  quartz  rock,  and  the  matrix 
a  soft,  more  or  less  calcareous,  decomposed  schist,  stained  yellow- 
ish with  oxide  of  iron. 

He  notes  the  parallelism  of  the  two  series  and  says  again,  this 
afPords  but  little  evidence  of  original  conformity;  and  relies  upon 
the  abrupt  lithological  contrast  for  evidence  of  a  historical  break. 
The  conglomerate  he  regards  as  a  basal*  conglomerate  ''in  which 
the  pebbles  have  very  probably  been  derived  from  the  underlying 
formation"  (pp.  56,  105). 

He  notes,  what  has  also  been  observed  in  Minnesota,  that  the 
series  of  crystalline  schists  is  quite  inconstant  in  its  occurrence. 
Sometimes  the  Kewatin  rests  on  the  gneiss,  and  then  the  basal 
member  is  likely  to  be  hornblende  schist.  But  this  schist  is  apt 
to  be  wanting  when  the  Kewatin  rests  on  mica  schist  (p.  38). 

Of  the  hornblende  schists  he  says: 

''There  is  much  presumptive  evidence  in  favor  of  the  view  that 
they  are  partly  altered,  massive  rocks,  and  partly  altered,  volcanic 
ash-beds  (pyroclastic),  but  little  or  none,  that  they  are  the  altera- 
tion products  of  clays  or  other  forms  of  detrital  matter." 

*Thi8  position  of  the  Oglsbke  Conglomerate  of  Minnesota  has  seemed  to  the  writer 
clearly  pointed  oat  by  the  facts  observed.  See  SixUcntn  Ann,  Rep.  Minn.  pp,9ii-W>; 
350-360. 
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The  changes  andergone  have  been  bo  profound  that  the  original 
character  has  been  destroyed,  and  a  new  rock  of  different  constituent 
minerals  has  crystallized  in  situ.  Pressure  and  crushing  may  have 
been  potent  in  the  destruction  of  the  original  structure;  but  in  the 
later  history,  chemical  or  mptamorphic  forces  have  been  chiefly 
active,  and  have  obliterated  all  the  traces  of  crushing  (p.  73). 

Of  the  soft,  fissile,  green  schists  he  says: 

"These  are  schists  closely  resembling  the  paste  of  some  of  the  con- 
glomerates. They  are  usually  distinctly  bedded.  Their  clastic 
origin  can  scarcely  be  doubted,  though,  as  in  the  paste  of  some  of 
the  conglomerates,  their  association  with  bedded  traps  and  their 
mineralogical  analogy  with  the  altered  phases  of  those  traps,  ren- 
ders it  extremely  probable  they  were  never  ordinary  clays,  but 
were  originally  fine-grained,  volcanic  ash-beds,  the  constituient 
minerals  of  which  have  suffered  alteration  and  decomposition 
along  the  same  lines  as  those  observable  in  the  traps"  (p.  82). 

He  finds  few  serpentines.  Their  relations  to  the  rocks  adjoin- 
ing them  are  ill-defined.  They  appear  to  be  the  alteration  pro- 
ducts of  igneous  masses  which  have  the  same  geological  age  aa 
the  traps  and  other  volcanic  rocks  of  the  Kewatin  series;  and 
although  their  common  boss-like  character  suggests  that  they  are 
intrusive  through  the  Kewatin  rocks,  such  intrusion  has  probably 
taken  place  coeval  with  the  bedded  formations,  volcanic  and  sedi- 
mentary, of  the  Kewatin  (p.  97). 

In  reference  to  the  relations  of  the  Couchiching  series  to  the 
Kewatin  and  Laurentian,  he  remarks: 

"Without  being  able  to  conclusively  prove  it,  there  appears  to 
be  much  presumptive  evidence  in  the  facts  cited,  to  show  that  the 
present  eminently  crystalline  state  of  the  Ooutchiching  series  is  the 
result  of  the  metamorphism  of  strata  which  were  originally  in 
large  part,  ordinary  quartzose  sediment,  although  part  may  poBr 
sibly  have  been  acid  volcanic  rocks,  such  as  quartz-porphyries  or 
felsites.  In  many  parts  of  the  series  garnets  abound,  and  if  the 
rocks  were  carefully  examined,  other  metamorphic  minerals  would 
doubtless  be  found.  That  percolating  silicious  solutions  were 
active  agencies  in  effecting  the  metamorphism  of  these  strata,  is 
proved  by  the  fact  that  in  many  places,  particularly  on  the  north 
side  of  Saginaw  bay  and  east  of  Brul^  narrows,  the  partings  be- 
tween the  beds  have  served  as  fissures  for  the  deposition  of  vein* 
quartz.  This  vein- quartz  is  very  abundant  in  lenses  or  lens-like 
sheets,  and  is  clearly  a  secondary  product  in  the  rock.  The  same 
watery  solutions  which  desposited  the  quartz  in  these  lenses,  n 
the  more  open  portions  of  the  formation,  inust  have  saturated  the 
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rock  throaghonty  and  given  rise,  probably,  to  much  of  the  quartz 
and  feldspar  in  it.  Only  in  one  instance  has  hornblende  been 
observed  throughout  the  whole  series.  There  are  no  intercalations 
of  basic  volcanic  rocks,  and  none  that  can  now  be  distinctly  recog- 
nized as  acid  volcanic  rocks.  There  are  no  limestones  or  dolomites 
in  the  series,  nor  have  any  conglomerates  been  observed."  (p.  105.) 

The  subject  of  inclusions  in  the  Lauren tian  gneiss  is  very  partic- 
ularly treated.  These  gneisses,  both  of  the  granite  and  the  syenite 
type,  frequently  consitute  a  matrix  in  which  angular  fragments  of 
schists  are  inclosed.  These  are  most  abundant  in  the  vicinity  of 
the  lines  of  junction  with  the  overlying  schists.  The  included 
fragments  may  belong  either  to  the  Couchiching  or  Kewatin  series. 
Along  the  zone  of  contact,  apophyses  or  dykes  from  the  gneiss 
penetrate  the  contiguous  sheets.  These  facts  are  thought  to  prove 
that  the  inclusions  are  simply  detached  portions  of  the  overlying 
formations  ''which  in  a  firm  and  brittle  condition,  have  become 
immersed  in  the  underlying  viscid  magma,  which  subsequently 
crystallized  out  as  the  Laurentian  gneiss  and  granite.  It  seems 
probable,  too,  that  such  shattering  and  de.tachment  of  fragments 
took  place  at  the  last  stages  of  crumpling  of  the  crust  in  this 
region.  .  .  After  the  solidification  of  the  Laurentian  gneisses, 
there  was  no  farther  very  violent  deformation  of  the  crust,  for  the 
Laurentian  rocks  appear  to  have  resulted  from  the  fusion  not 
simply  of  the  floor  upon  which  the  Coutchiching  and  Kewatin  rock 
first  rested — what  ever  such  floor  may  have  been* — but  also  with 
it  of  portions  of  those  series"  (pp.  130, 131  ).t 

1890.  Early  this  year.  Dr.  Lawson  published  a  thoughtful  and 
important  memoir  on  the  internal  relations  and  taxonomy  of  the 
Archaean  of  Canada.  J  Ha  discusses,  first,  the  separability  of  the 
Archaean  into  two  divisions,  which,  with  subdivisions,  would  pre- 
sent the  following  scheme: 

*The  recoiniition  of  the  necessity  of  a  **floor"  on  which  the  marine  sediments  could 
hare  rested,  is  a  tacit  admission  of  the  existence  of  a  geoloj^lcal  formation  older  than 
that  formed  from  the  sediments.  To  say  that  we  know  nothing  of  that  solid  floor  ex- 
cept as  an  inference.  Is  the  same  as  we  must  say  about  the  font; er  fused  or  plastic 
condition  of  the  infinites  and  gneisses.  The  indications  of  such  plasticity  afford  no 
stronger  basis  for  the  Inference  than  the  Indisputable  noccs«lty  of  a  solid  non-igneous 
sea-bottom  to  support  the  waters  of  a  sediment-laden  ocean.  We  hare,  in  reason,  in 
both  cases,  satlHfactory  ground  for  a  conclusion,  and  In  lx)th  cas4's,  proof  from  obser- 
vation is  precluded.  In  fact,  the  conclusion  that  molten  masses  of  granite  emerged 
through  or  into  beds  of  strata  already  existing,  possesses  the  same  kind  of  support  as 
the  conclusion  that  a  stilld  foundation  earlier  existed  for  the  penetrated  strata  to  ac- 
cumulate upon.  It  is.  In  short,  demonstrable  that  the  schlsu  have  no  claim  to  be 
reckoned  first  in  the  order  of  time. 

iPhenomena  of  the  class  here  described  have  also  been  fully  detailed,  with  many 
illustrations,  from  the  contigous  territory  of  northern  Minnesota.  See  Fifteenth  and 
Sixuenih  Annual  RepnrU,  Oad.  Surv.  Minn,,  ISNS,  1W7. 

tButtetln  of  thf.  OefpUtfflrni  Sfpcifty  of  America,  pp.  17.Vld4.  Mar(>h  20. 
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ARCH^AN. 

Ontariaii.        [Now  first  proposed.] 
Kewenian.*    [NipigoD .  ] 
HuroDian.     [  Aiiimike.  ] 

Kewatin.*     [Often  confoaDded  with  HuroniaD] 
Couehiching.*    [Vermilion  of  N.  H.  Winchell.] 
Lauren  tian. 
In  presenting  a  petrograpbical  description  of  the  members  of 
the  Ontarian  division  he  says  of  the  hornblende  schists: 

''The  field  evidence  points  to  their  derivation  from  basic  volcan- 
ic rocks,"  and  cites  examples  from  Norway  and  Scotland  tending 
to  prove  ''the  derivation  of  the  bulk  of  the  hornblende  schists  from 
normal  volcanic  massive  rocks,  which  were  originally  bedded  with 
other  stratified  rocks,  either  as  flows  or  as  injected  silld.  Other 
hornblende  schists  are  probably  derived  from  an  analogous  alter- 
ation of  tuflPs  of  basic  volcanic  rocks"  (p.  179). 

As  to  the  extent  of  the  influence  of  metamorphism  in  the  Onta- 
rian system,  Dr.  Lawson  offers  reflections  which  narrow  the  gap 
between  him  and  the  metamorphic  school.     He  says: 

"In  deference  to  these  [plutonists]  and  other  anti- metamorphic 
schools  of  thought,  in  which  for  the  most  part,  theory  seems  to 
crowd  out  fact,  it  becomes  necessary,  with  the  accumulation  of  evi- 
dence of  recent  years,  to  point  out  the  great  additional  strength 
acquired  by  the  theory  of  metamorphism  as  applied  to  the  Archaaan 
by  the  recognition  of  the  volcanic  origin  of  much  of  the  material 
upon  which  metamorphic  agencies  have  operated,  and  by  the  limi- 
tation of  its  application  to  the  upper  division  [Ontarian]  of  the 
ArchsBan;  the  rocks  of  the  lower  division,  or  Laurentian,  being 
susceptible  of  an  entirely  different  explanation.  The  lack  of  dis- 
crimination between  the  essentially  different  characters  of  the 
upper  and  lower  Archiean,  and  the  lumping  of  the  whole  complex 
together  as  having  necessarily  the  same  origin  and  development  has 
been  the  great  mistake  alike  of  che  metamorphic  and  the  ex- 
treme plutonic  schools.  Just  as  the  metamorphic  theory,  properly 
limited,  affords  the  explanation  of  the  development  of  the  rocks  of 

*  Kewenian  Is  not  named  In  this  connect  ion,  but  in  previous  documents  it  is  put  in 
the  position  here  indicated. 

Although  this  sli(;htly  simplified  orthography  of  three  of  these  divisions  is  here  used 
by  the  writer,  the  terms  are  considered  tlie  same  as  those  employed  by  Dr.  Lawson. 

In  writing  of  the  Couehiching  series,  for  which  the  name  "Vermilion  series"  was 
employed  by  N.  H.  Winchell  about  the  same  time  as  proposed  by  Dr.  Lawson,  he  takes 
occasion  to  express  regrets  that  the  present  writer  had  used  "Vermilion  series"  and 
"Vermilion  system"  "in  a  much  more  comprehensive,  but  still  undefined  sense.'*  It  is 
proper  to  say  that  tliose  expressions  were  not  intended  as  taxonomio  in  value,  but 
simply  as  geograpliical,  referring  to  the  whole  assemblage  of  rocks  about  Vermilion 
lake. 
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the  upper  Archsean  from  normal  formations,  so  by  a  similar  limita- 
tion of  the  pi  atonic  theory,  and  the  introduction  of  some  modifying 
considerations,  we  will  find  in  the  latter,  a  rational  and  consistent 
explanation  of  the  origin  of  the  rocks  of  the  Laurentian"  (p.  181)* 

In  another  memoir,  Dr.  Lawson  has  recorded*  important  obser- 
vations on  the  pre-Pal8Bozoic  surface  of  the  Archaean  terranes  of 
Canada.  The  surface  known  as  roches  moulonn^es,  generally  at- 
tributed to  the  action  exerted  during  the  last  glaciation,  is  seen  to 
have  existed  when  the  Paleozoic  sediments  were  laid  down— form- 
ations of  whatever  age  adapting  their  under  surfaces  to  the  bossy 
surface  of  the  Archaean. 

Another  announcement  possesses  similar  interest  Vestiges  of 
Palaeozoic  strata  are  now  known  in  so  many  districts  resting  in  the 
protected  depressions  of  the  Archaean,  that  it  appears  probable  that 
a  large  part  of  the  Archaean  surface  was  once  covered  by  a  blanket 
of  fossiliferous  rocks.  In  this  view,  the  region  which  we  call  the 
Archaean  nucleus  of  the  continent  was  not  visibly  such  until  after 
a  vast  amount  of  denudation;  though  of  course,  it  really  existed  as 
a  grand  swell  in  the  fundamental  structure  of  North  America.  A 
further  inference  from  such  a  fact  is  the  certainty  that  the  material 
of  the  Palaeozoic  sediments  was  derived  from  some  source  now  lost 
to  view. 

It  becomes  necessary  to  bring  to  a  close  our  citations  from  the 
views  of  American  workers  on  the  nature  and  history  of  the  older 
rocks.  Though  the  undertaking  has  produced  more  voluminous 
results  than  were  anticipated,  there  still  remains  a  large  body  of 
valuable  opinions,  to  which  justice  demands,  probably,  that  some 
reference  be  made — opinions  both  of  those  who  have  been  quoted, 
and  opinions  of  others  who,  thus  far,  have  been  but  incidentally 
mentioned.  Begretting  the  necessity  for  these  omissions,  the  com- 
piler hopes,  nevertheless,  that  what  has  been  presented,  may  prove 
useful  to  many  students  in  this  difficult  field  of  inquiry. 

ERRATA. 


Page   77— For  **Buooide8"  read  Fucoidee. 

Page  83 — For  *'It  is  intended"  read  It  ie  not  intended. 

Page  106 — After  '^Georgia  trilobiteB"  insert  to. 

Page  113— Dele  "[41"  and  five  lines  below  substitute  [4]  for  [b\ 

Page  126— Last  line  for  x  read  plus. 

Page  207— For  '*re£ents  the  following*'  read  presents  the  following. 
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Trc  First  Annual  Report  on  thb  GsoiiOOiCAL  and  NATURAii  Hibtobt  8uby«y 
or  Minnesota,  tor  thb  Year  1872.  112  pp.,  8vo.;  with  a  colored  map  of  the  state. 
By  N,  H.  WincheU.  Published  in  the  Begents'  Beport  for  1872;  Second  edition 
identioal. 

The  Second  Annual  Beport  on  the  Geological  and  Natural  History  Suryet  of 
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and  S,  F.  Ptekham.    Published  in  the  Begents*  Report  for  1873.    Out  of  print. 

The  Third  Annual  Beport  on  the  GEOLogicAL  and  Natural  History  Suryey  of 
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Also  in  the  Regents'  Report  for  1876.    O  ut  of  print. 

The  Fifth  Annual  Report  on  the  Oeolooigal  and  Natural  History  Suryey  of 
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